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©  Electronically  controlled  fluid  flow  regulating  system. 

©  This  invention  relates  to  the  precision  control  of  the  rate 
of  fluid  flow  in  fluid  conducting  lines,  and  is  particularly 
applicable  to  the  control  of  gaseous  fuel  to  an  internal 
combustion  engine.  The  fluid  is  caused  to  flow  through  a 
plurality  of  parallel  lines  each  of  which  contains  a  solenoid 
valve  operated  by  digital  signals  from  an  electronic  digital 
processor.  A  plurality  of  sensors  associated  with  the  internal 
combustion  engine  monitor  operating  parameters,  and 
provide  signals  to  the  electronic  digital  processor  repre- 
sentative  of  the  parameters.  The  relative  flow  rates  of  the 
lines  are  proportional  to  successive  powers  of  two,  and  are 
determined  by  orifices  in  the  lines  which  provide  the 
above-noted  relative  flow  rates  in  said  lines  at  pressure 
differentials  to  provide  critical  or  choked  flow  in  such 
orifices.  The  electronic  digital  processor  automatically  prog- 
rams  the  solenoid  valves  to  provide  the  required  total  fuel 
flow  rate  for  any  particular  set  of  operating  conditions 
indicated  by  the  signals  from  the  sensors. 
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BACKGROUND  OF  THE  INVENTION 

T h i s   i n v e n t i o n   r e l a t e s   to   p r e c i s i o n   c o n t r o l   of  a  

f l o w   of  f l u i d   in  f l u i d   c o n d u c t i n g   l i n e s ,   and  a p p l i e s  

p a r t i c u l a r l y ,   t h o u g h   n o t   e x c l u s i v e l y ,   t o   t h e   c o n t r o l   o f  

g a s e o u s   f u e l   to   an  i n t e r n a l   c o m b u s t i o n   e n g i n e .   S t i l l   m o r e  

s p e c i f i c a l l y ,   t h e   i n v e n t i o n   r e l a t e s   t o   t h e   c o n t r o l   of   f u e l  

s u p p l y   to   i n t e r n a l   c o m b u s t i o n   e n g i n e s   by  m e a n s   o f  

e l e c t r o n i c   d i g i t a l   c o n t r o l s .  

Two  m a j o r   p r o b l e m s   a r e   e n c o u n t e r e d   t o d a y   in   t h e  

d e s i g n   of  i n t e r n a l   c o m b u s t i o n   e n g i n e s   and  f u e l   s y s t e m s  

t h e r e f o r ,   v i z . ,   s h o r t a g e   and  c o n s e q u e n t   h i g h   c o s t   o f  

g a s o l i n e   and  o t h e r   l i q u i d   f u e l s   w i t h   t h e   a t t e n d a n t   need   t o  

m i n i m i z e   f u e l   c o n s u m p t i o n ,   and  t h e   p o l l u t i o n   of   t h e  

e n v i r o n m e n t   w i t h   t h e   a t t e n d a n t   need   to   r e d u c e   t h e   e m i s s i o n  

of  n o x i o u s   g a s e s .   One  o f   t h e   r e q u i r e m e n t s   a r i s i n g   o u t   o f  

t h e s e   n e e d s   i s   t h a t   of   a c c u r a t e   c o n t r o l   of   f u e l   s u p p l y   i n  

r e s p o n s e   to   o p e r a t i n g   c o n d i t i o n s   and  e n g i n e   p a r a m e t e r s .  

One  a p p r o a c h   to   t h e   a l l e v i a t i o n   of   t h e  

a b o v e - n o t e d   p r o b l e m s   i s   t h e   u s e   of  g a s e o u s   f u e l s   s u c h   a s  

n a t u r a l   g a s   ( m e t h a n e )   and  p r o p a n e   w h i c h   show  g r e a t   p r o m i s e  

as  an  a l t e r n a t i v e   t o   g a s o l i n e   as  a  p o w e r   s o u r c e   f o r   m o t o r  

v e h i c l e s .   I t   h a s   b e e n   r e c o g n i z e d   t h a t   t h e   i n c r e a s e d   u s e  

of  g a s e o u s   f u e l s   f o r   i n t e r n a l   c o m b u s t i o n   e n g i n e s   w o u l d  

r e d u c e   t h e   a m o u n t   of  o i l   w h i c h   mus t   be  i m p o r t e d   i n t o  

c o u n t r i e s   s u c h   a s   C a n a d a   and  t h e   U n i t e d   S t a t e s .   T h e r e   i s  

a t   p r e s e n t   a  s u f f i c i e n t   s u p p l y   of  g a s e o u s   m e t h a n e   a n d  

p r o p a n e   t o   p e r m i t   s u c h  e x p a n d e d   u s e .   The  p r i n c i p a l   s o u r c e  

of  m e t h a n e   i s   now  n a t u r a l   g a s .   H o w e v e r ,   i t   c an   b e  

p r o d u c e d   f rom  c o a l   and  w a s t e   b i o l o g i c a l   p r o d u c t s   w h i c h   a r e  

r e n e w a b l e .   M e t h a n e   and  p r o p a n e   a r e   a l s o   a t t r a c t i v e  

b e c a u s e   t h e y   p r o d u c e   l e s s   p o l l u t i n g   e x h a u s t   p r o d u c t s .  

I t a l y   p i o n e e r e d   e x t e n s i v e   use   of  n a t u r a l   gas   i n  

m o t o r   v e h i c l e s ,   and  c o n s e q u e n t l y   mos t   of   t h e   c o n v e r s i o n  

k i t s   a v a i l a b l e   in   N o r t h   A m e r i c a   a r e   d i r e c t   I t a l i a n  

i m p o r t s ,   or   c o p i e s   of  t h e   I t a l i a n   d e s i g n s .   The  k n o w n  

d e s i g n s   a r e   b a s e d   on  a  v e n t u r i   m o u n t e d   a b o v e   t h e  



c a r b u r e t o r   c o u p l e d   to   a  v a c u u m   a c t u a t e d   d i a p h r a g m  

r e g u l a t o r .   F u n d a m e n t a l   p r o b l e m s   e x i s t   in   t h i s   a p p r o a c h ,  

p r o b l e m s   t h a t   a r e   no t   as  a p p a r e n t   in  t h e   s h o r t   r a n g e   s m a l l  

v e h i c l e   e n v i r o n m e n t   of  E u r o p e ,   b u t   a r e   m a j o r   o b s t a c l e s   t o  

t h e   a c c e p t a n c e   of  gas   in   N o r t h   A m e r i c a .  

SUMMARY  OF  THE  INVENTION 

The  p r e s e n t   i n v e n t i o n   p r o p o s e s   a  new  c o n c e p t   t h a t  

w i l l   r e p l a c e   t h e   v e n t u r i - d i a p h r a g m   s y s t e m   w i t h   a  r e g u l a t o r  

c a p a b l e   of   d i r e c t l y   c o n v e r t i n g   e l e c t r o n i c   d i g i t a l   s i g n a l s  

i n t o   a  g a s   f l o w   d i r e c t l y   and  a c c u r a t e l y   p r o p o r t i o n a l   t o  

t h e s e   d i g i t s .   The  i n v e n t i o n   p e r m i t s   a  h i g h   d e g r e e   o f  

s y s t e m   s o p h i s t i c a t i o n   to   be  a c h i e v e d   a t   v e r y   low  c o s t .  

M o r e o v e r ,   w i t h   t h e   s y s t e m   p r o p o s e d   in   t h i s   i n v e n t i o n   f u e l  

f l o w   can   be  c o n t r o l l e d   w i t h i n   v e r y   n a r r o w   l i m i t s   i n  

r e s p o n s e   t o   d i g i t a l   s i g n a l s   f rom  an  e l e c t r o n i c   p r o c e s s o r .  
The  key   e l e m e n t   in  t h e   p r o p o s a l   i s   an  e l e c t r o m e c h n i c a l  

d e v i c e   (EDGAR*)  c a p a b l e   of  a c c e p t i n g   t h e   e l e c t r o n i c  

d i g i t a l   i n p u t ,   and  p r o v i d i n g   a  f u e l   f l o w   w h i c h   i s  

a d j u s t a b l e   in   s m a l l   d i s c r e t e   s t e p s .   The  a c r o n y m   EDGAR 

s t a n d s   f o r   " e l e c t r o n i c   d i g i t a l   t o   a n a l o g   g a s   r e g u l a t o r " .  

A l r e a d y   a  n u m b e r   of  a t t e m p t s   h a v e   b e e n   made  t o  

r e p l a c e   t h e   t r a d i t i o n a l   a n a l o g u e   v e n t u r i - d i a p h r a g m   f u e l  

s u p p l y   s y s t e m   w i t h   a  d i g i t a l   s y s t e m   e m p l o y i n g   e l e c t r o n i c  

c o n t r o l s ,   e s p e c i a l l y   m i c r o   p r o c e s s o r s .   E x a m p l e s   of  f u e l  

c o n t r o l   s y s t e m s   a r e   f o u n d   in   C a n a d i a n   P a t e n t   1 , 0 0 8 , 5 3 8   a n d  

U . S .   P a t e n t s   3 , 6 8 8 , 7 5 0 ;   3 , 9 3 3 , 1 3 5 ;   4 , 2 0 0 , 0 6 4 ;   4 , 2 0 5 , 3 7 7 ;  

and  4 , 2 1 2 , 0 6 6 .  

H o w e v e r ,   s y s t e m   w h i c h   h a v e   u t i l i z e d   e l e c t r o n i c  

d i g i t a l   p r o c e s s o r s   to   m o n i t o r   g a s o l i n e   f l o w   t o   i n t e r n a l  

c o m b u s t i o n   e n g i n e s   a r e   g e n e r a l l y   q u i t e   c o m p l e x   and  h e n c e  

e x p e n s i v e   and  d i f f i c u l t   to   m a i n t a i n .   The  a p p l i c a n t ' s  

s y s t e m   by  c o n t r a s t   w i t h   t h o s e   of   t h e   p r i o r   a r t   i s  

r e l a t i v e l y   s i m p l e ,   and  y e t   i s   c a p a b l e   of   p r o v i d i n g   a  v e r y  

a c c u r a t e   c o n t r o l   of  f l u i d   f l o w .  

* T r a d e m a r k  



I t   i s   an  o b j e c t   of  t h e   p r e s e n t   i n v e n t i o n   t o  

p r o v i d e   a  n o v e l   a p p a r a t u s   f o r   c o n t r o l l i n g   t h e   r a t e   of  f l o w  

of  f l u i d   to   be  u t i l i z e d   a t   a  d e s t i n a t i o n   w h e r e i n   t h e   r a t e  

of  f l o w   of  f l u i d   i s   c o n t r o l l e d   by  m e a n s   of  d i g i t a l   s i g n a l s .  

I t   i s   a  f u r t h e r   o b j e c t   of   t h i s   i n v e n t i o n   t o  

p r o v i d e   an  a p p a r a t u s   f o r   c o n t r o l l i n g   t h e   r a t e   of  f l o w   o f  

f l u i d   f o r   an  i n t e r n a l   c o m b u s t i o n   e n g i n e   w h e r e i n   t h e   r a t e  

of  f l o w   of   f l u i d   i s   c o n t r o l l e d   in   a  p l u r a l i t y   of   p a r a l l e l  

f l u i d   c o n d u c t i n g   l i n e s   by  p r o g r a m m i n g   of  s e l e c t e d   l i n e s   t o  

f u l l y   open   and  f u l l y   c l o s e d   p o s i t i o n   by  means   of  a n  

e l e c t r o n i c   p r o c e s s o r .  

In  a c c o r d a n c e   w i t h   t h e   i n v e n t i o n   in  one  f o r m  

t h e r e   is   p r o v i d e d   a p p a r a t u s   f o r   c o n t r o l l i n g   t h e   r a t e   o f  

f l o w   of  c o m p r e s s i b l e   f l u i d   f rom  a  s o u r c e   to   a  d e s t i n a t i o n  

i n c l u d i n g   a  p l u r a l i t y   of  f l u i d   c o n d u c t i n g   l i n e s ,   t h e  

r e l a t i v e   f l o w   r a t e s   t h r o u g h   s a i d   f l u i d   c o n d u c t i n g   l i n e s  

b e i n g   p r o p o r t i o n a l   to   p r e s e l e c t e d   v a l u e s   ( p r e f e r a b l y  

v a l u e s   p r o p o r t i o n a l   to   s u c c e s s i v e   p o w e r s   of   two  f o r  

r e a s o n s   w h i c h   w i l l   b e c o m e   a p p a r e n t )   when  t h e   p r e s s u r e  
d i f f e r e n t i a l   a c r o s s   s a i d   l i n e s   i s   s u f f i c i e n t   to   c r e a t e  

c h o k e d   f l o w   c o n d i t i o n s   t h e r e i n .   The  a p p a r a t u s   i n c l u d e s  

means   to   c o n n e c t   s a i d   p l u r a l i t y   of   f l u i d   c o n d u c t i n g   l i n e s  

in  p a r a l l e l   b e t w e e n   s a i d   s o u r c e   and  s a i d   d e s t i n a t i o n .   A 

c o n t r o l   v a l v e  i s   l o c a t e d   in  e a c h   of   s a i d   f l u i d   c o n d u c t i n g  

l i n e s ,   e a c h   s a i d   c o n t r o l   v a l v e   b e i n g   o p e r a b l e   to   f u l l y  

open   and  f u l l y   c l o s e d   p o s i t i o n s .   An  e l e c t r o n i c   c o n t r o l  

means   c o n t r o l s   s e l e c t i v e l y   t h e   o p e n i n g   and  c l o s i n g   of   e a c h  

of  s a i d   v a l v e s .   When  f l u i d   i s   s u p p l i e d   f rom  s a i d   s o u r c e  

to  s a i d   p l u r a l i t y   of  f l u i d   c o n d u c t i n g   l i n e s   a t   a  p r e s s u r e  

s u f f i c i e n t l y   h i g h   as  to   p r o v i d e   t h e   a b o v e - n o t e d   p r e s s u r e  

d i f f e r e n t i a l ,   t h e   f l u i d   f l o w   r a t e   in   e a c h   of  s a i d   l i n e s   i s  

i n d e p e n d e n t   of   f l u i d   p r e s s u r e   c h a n g e s   a t   s a i d  

d e s t i n a t i o n .   Hence   t h e   t o t a l   f l u i d   f l o w   a r r i v i n g   a t   t h e  

d e s t i n a t i o n   v i a   s a i d   p l u r a l i t y   of  f l u i d   c o n d u c t i n g   l i n e s  

in  c o n t r o l l a b l e   in   d i s c r e t e   s t e p s   as   s a i d   v a l v e s   a r e  

s e l e c t i v e l y   o p e n e d   and  c l o s e d   to   p r o v i d e   a  p l u r a l i t y   o f  



p r e - d e t e r m i n e d   f l u i d   f l o w   r a t e s .   In  t h e   p r e f e r r e d   fo rm  o f  

t h e   i n v e n t i o n   t h e s e   t o t a l   f l o w   r a t e s   a r e   p r o p o r t i o n a l   to   a  

s e r i e s   of  b i n a r y   n u m b e r s .  

One  p r e f e r r e d   fo rm  of   t h e   i n v e n t i o n   p r o v i d e s   a n  

e l e c t r o n i c a l l y   c o n t r o l l e d   f u e l   s y s t e m   f o r   an  i n t e r n a l  

c o m b u s t i o n   e n g i n e .   T h i s   s y s t e m   t y p i c a l l y   i n c l u d e s   a  

p l u r a l i t y   of  f l u i d   c o n d u c t i n g   l i n e s   c o n n e c t e d   in   p a r a l l e l  

and  h a v i n g   r e l a t i v e   f l u i d   c a r r y i n g   c a p a c i t i e s   p r o p o r t i o n a l  

to   p o w e r s   of  two  when  o p e r a t i n g   u n d e r   c h o k e d   f l o w  

c o n d i t i o n s .   A  s o l e n o i d   c o n t r o l   v a l v e   i s   l o c a t e d   in   e a c h  

of  t h e   f l u i d   c o n d u c t i n g   l i n e s ,   e a c h   of   s a i d   s o l e n o i d  

c o n t r o l   v a l v e s   b e i n g   o p e r a b l e   t o   f u l l y   o p e n   and   f u l l y  

c l o s e d   p o s i t i o n s .   An  e l e c t r o n i c   p r o c e s s o r   i s   a r r a n g e d   t o  

c o n t r o l   s e l e c t i v e l y   t h e   o p e n i n g   and  c l o s i n g   of   e a c h   o f  

s a i d   v a l v e s   by  m e a n s   of  d i g i t a l   s i g n a l s   a p p l i e d   t o   t h e  

s o l e n o i d s .   A  s e n s o r   means   to   g e n e r a t e   e l e c t r i c a l   s i g n a l s  

i n d i c a t i v e   of  t h e   o p e r a t i n g   p a r a m e t e r s   of  s a i d   i n t e r n a l  

c o m b u s t i o n   e n g i n e   i s   p r o v i d e d ,   s a i d   e l e c t r i c a l   s i g n a l s  

b e i n g   a p p l i e d   t o   t h e   e l e c t r o n i c   p r o c e s s o r .   An  a i r / f u e l  

m i x e r   h a v i n g   an  i n p u t   to   w h i c h   t h e   c o m b i n e d   o u t p u t   o f   s a i d  

p l u r a l i t y   of  f l u i d   c o n d u c t i n g   l i n e s   i s   c o n n e c t e d   i s   a l s o  

p r o v i d e d   and  i t s   o u t p u t   i s   c o n n e c t e d   to   s a i d   i n t e r n a l  

c o m b u s t i o n   e n g i n e .   A l s o   p r o v i d e d   i s   m e a n s   t o   s u p p l y   f u e l  

to   s a i d   p l u r a l i t y   of  f l u i d   c o n d u c t i n g   l i n e s   a t   a  p r e s s u r e  
s u f f i c i e n t l y   h i g h   t h a t   t h e   f l u i d   f l o w   in   e a c h   of   s a i d  

l i n e s   i s   i n d e p e n d e n t   of  t h e   b a c k   p r e s s u r e   a t   t h e   i n p u t   t o  

s a i d   a i r / f u e l   m i x e r ,   i . e .   t h e   p r e s s u r e   d i f f e r e n t i a l  

t h e r e a c r o s s   i s   s u f f i c i e n t   to   p r o v i d e   c h o c k e d   f l o w  

c o n d i t i o n s   t h e r e i n .   S a i d   e l e c t r o n i c   p r o c e s s o r  

a u t o m a t i c a l l y   a d j u s t s   t h e   c o m b i n e d   f l u i d   f l o w   f r o m   s a i d  

p l u r a l i t y   of  f l u i d   c o n d u c t i n g   l i n e s   in   a  s e r i e s   o f  

d i s c r e t e   s t e p s   by  o p e n i n g   and  c l o s i n g   s a i d   c o n t r o l   v a l v e s  

in  r e s p o n s e   t o   t h e   f u e l   r e q u i r e m e n t s   of  s a i d   i n t e r n a l  

c o m b u s t i o n   e n g i n e   as  i n d i c a t e d   by  t h e   e l e c t r i c a l   s i g n a l s  

g e n e r a t e d   by  t h e   s e n s o r   m e a n s .  



BRIEF  DESCRIPTION  OF  THE  VIEWS  OF  DRAWINGS 

An  e x e m p l a r y   e m b o d i m e n t   of  t he   i n v e n t i o n   w i l l   now 

be  d e s c r i b e d   in  c o n j u n c t i o n   w i t h   t he   a c c o m p a n y i n g   d r a w i n g s  

in  w h i c h :  

F i g u r e   1  is  a  b l o c k   d i a g r a m   i l l u s t r a t i n g   a  

g a s e o u s   f u e l   s y s t e m   f o r   an  i n t e r n a l   c o m b u s t i o n   e n g i n e   w i t h  

d i g i t a l   c o n t r o l   of  f u e l   gas   f l o w   by  means   of  an  e l e c t r o n i c  

p r o c e s s o r ;   a n d  

F i g u r e   2  is   a  d i a g r a m   i l l u s t r a t i n g   t h e   e l e c t r o n i c  

d i g i t a l   to   a n a l o g   r e g u l a t o r   of  t he   d e s c r i b e d   e m b o d i m e n t   o f  

t h e   i n v e n t i o n ;  

F i g u r e   3  is   a  s i d e   e l e v a t i o n   v iew  of  a  s o l e n o i d  

v a l v e   and  m a n i f o l d   a r r a n g e m e n t   e m p l o y i n g   the   f e a t u r e s   o f  

t h e   i n v e n t i o n ;  

F i g u r e   4  is   a  p l a n   v iew  of  t h e   s t r u c t u r e   of  F i g .  

4 ;  

F i g u r e   5  is  a  s e c t i o n   v iew  t a k e n   a l o n g   l i n e   5 - 5  

in  F i g .   4;  a n d  

F i g u r e   6  is   an  e n l a r g e d   s e c t i o n   v i ew  s h o w i n g   t h e  

v a l v e   s e a t   and  o r i f i c e   in   g r e a t e r   d e t a i l ;   a n d  

F i g u r e s   7  and  8  a r e   s c h e m a t i c   d r a w i n g s   of  o n e  

form  of  e l e c t r o n i c   s y s t e m .  

DETAILED  DESCRIPTION  OF  PREFERRED  EMBODIMENTS 

The  key  e l e m e n t   of  t h e   f u e l   r e g u l a t i o n   s y s t e m  

i l l u s t r a t e d   in  t he   b l o c k   d i a g r a m   of  F i g u r e   1  i s   t h e  

e l e c t r o n i c   d i g i t a l   to   a n a l o g   gas   r e g u l a t o r   1.  T h i s   is   a n  

e l e c t r o m e c h a n i c a l   d e v i c e   d e s i g n e d   to   be  o p e r a t e d   b y  

d i g i t a l   e l e c t r o n i c   s i g n a l s   f rom  an  e l e c t r o n i c   p r o c e s s o r   s o  

as  to   p r o d u c e   an  a n a l o g   gas   o u t p u t   a d j u s t a b l e   in  m a n y  
d i s c r e t e   s t e p s   by  means   of  t h e   d i g i t a l   s i g n a l s .  

The  e l e c t r o n i c   p r o c e s s o r   2,  m a n i p u l a t e s   t he   d a t a  

f rom  a  p l u r a l i t y   of  s e n s o r s   3a  to   3n,  and  c o n v e r t s   t h i s  

d a t a   i n t o   b i n a r y   d i g i t a l   s i g n a l s ,   w h i c h   a c c c u r a t e l y  

r e p r e s e n t   t he   f u e l   r e q u i r e m e n t s   of  t h e   e n g i n e   a t   a  

p a r t i c u l a r   t i m e ,   and  w h i c h   a r e   a p p l i e d   to   t h e   e l e c t r o n i c  

d i g i t a l   to   a n a l o g   r e g u l a t o r   in  a  m a n n e r   w h i c h   w i l l   be  m o r e  



f u l l y   d e s c r i b e d   h e r e i n a f t e r .   I t   s h o u l d   be  n o t e d   h e r e   t h a t  

t h e   e l e c t r o n i c   p r o c e s s o r   2  c a n   be  of  any  s u i t a b l e   d e s i g n .  

In  one  f o r m   of  p r o c e s s o r   a l s o   to   be  d e s c r i b e d   in   f u r t h e r  

d e t a i l   h e r e a f t e r   t h e   d a t a   f r o m   t h e   s e n s o r s   3a  to   3n  i s  

m a n i p u l a t e d   by  a n a l o g   e l e c t r i c a l   c i r c u i t r y   w i t h   t h e  

r e s u l t s   b e i n g   c o n v e r t e d   t o   d i g i t a l   f o r m   s i m p l y   as  a n  

i n t e r f a c e   t o   t h e   e l e c t o m e c h a n i c a l   f l o w   a r r a n g e m e n t   to   b e  

d e s c r i b e d   h e r e a f t e r .   In  o t h e r   t y p i c a l   a r r a n g e m e n t s ,   t h e  

d a t a   f r o m   t h e   s e n s o r s   can   be  c o n v e r t e d   to   d i g i t a l   fo rm  a t  

t h e   o u t s e t   and   m a n i p u l a t e d   by  a  p r o g r a m m a b l e   d i g i t a l  

p r o c e s s o r ,   e . g .   a  m i c r o c o m p u t e r ,   of  any  s u i t a b l e   and  w e l l  

known  d e s i g n .   S i n c e   t h e   s c i e n c e   of  m a n i p u l a t i n g   d a t a   f r o m  

s e n s o r s   by  e l e c t r o n i c   means   i s   v e r y   w e l l   known  i t   i s  

b e l i e v e d   t h a t   an  e x t e n s i v e   d e s c r i p t i o n   of  t h e   e l e c t r o n i c  

p r o c e s s o r   2  i s   u n n e c e s s a r y   a l t h o u g h ,   f o r   t h e   c o n v e n i e n c e  

of  t h e   r e a d e r ,   one  fo rm  of  p r o c e s s o r   w i l l   be  d e s c r i b e d  

h e r e a f t e r .   The  m a i n   p o i n t   t o   k e e p   in   mind  i s   t h a t   t h e  

p r o c e s s o r   2,  r e g a r d l e s s   of  i t s   e x a c t   d e s i g n ,   p r o d u c e s   a  

d i g i t a l   o u t p u t ,   i . e .   a  b i n a r y   o u t p u t ,   r e p r e s e n t i n g   t h e  

d e s i r e d   f l u i d   f l o w .  

S e n s o r s   3a ,   3b,  3c,   . . .   3n  d e t e c t   t h e   v a r i o u s  

p a r a m e t e r s   w h i c h   a f f e c t   e n g i n e   p e r f o r m a n c e   s u c h   a s :  

e n g i n e   t e m p e r a t u r e ,   e n g i n e   r . p . m . ,   t h r o t t l e   p o s i t i o n ,  

i n t a k e   a i r   mass   f l o w ,   and  c o m p o s i t i o n   of  e x h a u s t   g a s e s .  
E a c h   s e n s o r   p r o d u c e s   an  e l e c t r i c a l   s i g n a l   i n d i c a t i v e   o f  

t h e   v a l u e   of  t h e   p a r a m e t e r   i t   m e a s u r e s ,   and  t h e   s i g n a l s  

p r o d u c e d   by  t h e   v a r i o u s   s e n s o r s   a r e   a p p l i e d   t o   i n p u t s   o f  

t h e   e l e c t r o n i c   d i g i t a l   p r o c e s s o r   2 .  

F u e l ,   u s u a l l y   m e t h a n e   or  p r o p a n e ,   i s   s t o r e d   i n  

f u e l   s t o r a g e   t a n k   4  a t   a  p r e s s u r e   w h i c h   may  be  3000  p s i   o r  

more   d e p e n d i n g   on  e c o n o m i c   and  s a f e t y   c o n s i d e r a t i o n s .  

P r e s s u r e   i s   r e d u c e d   in  h i g h   p r e s s u r e   r e g u l a t o r   5  t o  

a p p r o x i m a t e l y   100  p s i   f o r   a p p l i c a t i o n   t o   t h e   e l e c t r o n i c  

d i g i t a l   t o   a n a l o g   r e g u l a t o r .   The  m e t e r e d   f u e l   f r om  t h e  

e l e c t r o n i c   d i g i t a l   to   a n a l o g   r e g u l a t o r   i s   a p p l i e d   to   t h e  

a i r   s t r e a m   in  t h e   a i r / f u e l   m i x e r   6  f rom  w h e n c e   t h e   m i x e d  



a i r   and  f u e l   a r e   fed   to   t h e   i n t a k e   of   t h e   i n t e r n a l  

c o m b u s t i o n   e n g i n e   7 .  

The  e l e c t r o n i c   d i g i t a l   to   a n a l o g   r e g u l a t o r   s h o w n  

in  F i g u r e   2,  w i l l   now  be  d e s c r i b e d .   I t   i s   s e e n   to   c o n s i s t  

of  a  p l u r a l i t y   of  f l u i d   c o n d u c t i n g   l i n e s   L0,  L l ,   L2  . . .   L n  

c o n n e c t e d   in   p a r a l l e l   b e t w e e n   a  common  i n p u t   or   s o u r c e   P l  

and  a  common  o u t p u t   or  u s e r   P2.  In  e a c h   of  t h e   f l u i d  

c o n d u c t i n g   l i n e s   t h e r e   i s   a  s o l e n o i d   v a l v e   c o n t r o l l e d   b y  

s i g n a l s   f rom  t h e   e l e c t r o n i c   d i g i t a l   p r o c e s s o r   t o   e i t h e r  

f u l l y   on  or  f u l l y   o f f   p o s i t i o n .   A l s o   i n c l u d e d   in  e a c h  

l i n e   i s   a  m e t e r i n g   o r i f i c e ,   t h e   d i m e n s i o n s   of  w h i c h  

d e t e r m i n e   t h e   f l u i d   c a r r y i n g   c a p a c i t y   of  t h e   p a r t i c u l a r  

l i n e   a t   t h e   s e l e c t e d   i n l e t   p r e s s u r e .  

Gas  s u p p l i e d   a t   t h e   i n l e t   p o r t   Pl  a t   a  c o n s t a n t  

p r e s s u r e   a p p e a r s   a t   t h e   i n p u t   of  m e t e r i n g   o r i f i c e s   MO,  M l ,  

M2,  M2,  . . .   Mn.  In  s e r i e s   w i t h   e a c h   m e t e r i n g   o r i f i c e   i s  

an  e l e c t r i c a l l y   a c t u a t e d   s o l e n o i d   v a l v e   V0,  V l ,   V 2 ,  

V3,  . . .   Vn,  e a c h   h a v i n g   an  i n p u t   DO,  Dl,   D2,  D3  . . .   Dn  f o r  

b i n a r y   s i g n a l s   f rom  p r o c e s s o r   2.  The  v a l u e s   of  gas   f l o w  

m e t e r e d   by  M0,  Ml,  M2,  M3,  . . .   Mn  a r e   00,   Ql ,   Q 2 ,  

Q3,  . . . Q n   r e s p e c t i v e l y .   D e p e n d i n g   on  t h e   c o m b i n a t i o n   o f  

v a l v e s   V  t h a t   a r e   e l e c t r i c a l l y   o p e n e d ,   t h e   gas   f l o w s   w i l l  

c o m b i n e   a t   t h e   o u t p u t   P2  to   g i v e   t h e   s u m  

QO  +  Ql  +  Q2  +  Q3  . . . + Q n .  

F l u i d   m e c h a n i c s   d i c t a t e s   t h a t   i f   t h e r e   i s   a  l a r g e  

e n o u g h   p r e s s u r e   d i f f e r e n t i a l   b e t w e e n   t h e   gas   a t   i n l e t   p o r t  

Pl  and  t h e   gas   a t   o u t p u t   p o r t   P2  t h e n   t h e   f l o w   in  t h e  

o r i f i c e   t h r o a t   w i l l   be  a t   s o n i c   v e l o c i t y ,   s u c h   f l o w   b e i n g  

known  as  c r i t i c a l   or   c h o k e d   f l o w .   U n d e r   t h i s   f l o w  

c o n d i t i o n   a  f u r t h e r   d e c r e a s e   i n  p r e s s u r e   a t   o u t p u t   p o r t   P2  

c a n n o t   a f f e c t   t h e   p r e s s u r e   in  t h e   o r i f i c e   t h r o a t   or  t h e  

mass   f l o w   r a t e .   So  l o n g   as  c r i t i c a l   or  c h o k e d   f l o w  

c o n d i t i o n s   a r e   m a i n t a i n e d   t h e   mass   of  gas   p a s s i n g   t h r o u g h  

e a c h   l i n e   p e r   u n i t   t i m e   w i l l   be  d i r e c t l y   p r o p o r t i o n a l   t o  

t h e   p r e s s u r e   a t   i n l e t   p o r t   P l .   T h i s   p h e n o m e n a   i s ,   p e r   s e ,  

w e l l   k n o w n ,   r e f e r e n c e   b e i n g   had   to   " F l u i d   M e c h a n i c s   W i t h  



E n g i n e e r i n g   A p p l i c a t i o n s " ,   R o b e r t   L.  D a u g h e r t y   e t   a l ,   7 t h  

E d i t i o n ,   M c G r a w - H i l l   Book  C o m p a n y ,   p a g e s   2 5 9 - 2 6 1   a n d  

e q u a t i o n   9 . 2 5 .   In  t h e   o p e r a t i o n   of  t h e   p r e s e n t   s y s t e m   t h e  

p r e s s u r e   d i f f e r e n t i a l   b e t w e e n   i n l e t   p o r t   Pl  and  o u t p u t  

p o r t   P2  i s   a l w a y s   s u c h   t h a t   e a c h   of  t h e   o r i f i c e s   o p e r a t e s  

in  t h e   c h o c k e d   or  c r i t i c a l   f l o w   c o n d i t i o n   when  f l u i d   i s  

f l o w i n g   t h e r e t h r o u g h .   T h a t   i s ,   t h e   i n l e t - o u t l e t   p r e s s u r e  

d i f f e r e n t i a l   i s   a l w a y s   m a i n t a i n e d   a t   or   a b o v e   t h e   c r i t i c a l  

v a l u e .   In  any   p a r t i c u l a r   a p p l i c a t i o n   t h e   i n l e t   p r e s s u r e  

a t   p o r t   Pl   i s   h e l d   c o n s t a n t .   An  i n l e t   p r e s s u r e   of  1 0 0  

p s i g   i s   a  t y p i c a l   i n p u t   p r e s s u r e   when  t h e   p r e s e n t   s y s t e m  

i s   u s e d   t o   s u p p l y   a  l a r g e   (454   c . i . d . )   e n g i n e .   The  s a m e  

b a s i c   s y s t e m   can   t h u s   be  u s e d ,   w i t h   no  o r i f i c e   s i z e  

c h a n g e ,   t o   s u p p l y   s m a l l e r   e n g i n e s   by  s i m p l y   r e d u c i n g   t h e  

i n l e t   p r e s s u r e   in  p o r t   Pl  by  an  a p p r o p r i a t e   a m o u n t   so  l o n g  

as  c h o k e d   or   c r i t i c a l   f l o w   c o n d i t i o n s   a r e   m a i n t a i n e d   i n  

t h e   o r i f i c e s .   The  r e s u l t i n g   s a v i n g   in   i n v e n t o r y   by  h a v i n g  

one  c a l i b r a t e d   s y s t e m   f o r   u s e   w i t h   a  w i d e   v a r i e t y   of  s i z e s  

of   e n g i n e s ,   or   o t h e r   u s e r s ,   p r o v i d e s   a  s u b s t a n t i a l   c o s t  

a d v a n t a g e .  

M e t e r i n g   o r i f i c e s   MO,  Ml,  M2,  M3,  . . .   Mn  r e g u l a t e  

t h e   gas   f l o w s   Q0,  Ql ,   Q2,  Q3,  . . .   Qn  s u c h   t h a t   t h e   g a s  
f l o w   f rom  e a c h   l i n e   c o n t r i b u t e s   a  d i f f e r e n t   a m o u n t   to   t h e  

t o t a l   gas   o u p u t .   The  c o n t r i b u t i o n   of  e a c h   m e t e r i n g  

o r i f i c e   M,  c o n t r i b u t i n g   a  gas   f l o w   Q,  i s   w e i g h t e d  

a c c o r d i n g   t o   i t s   p o s i t i o n   in   t h e   b i n a r y   n u m b e r   s e r i e s .  

The  v a l u e s   of   t h e   g a s   f l o w s   Q0,  Ql,   Q2,  Q3,  . . .   Qn  in   t h e  

f u e l   c o n d u c t i n g   l i n e s   L0,  L l ,   L2,  L3,  . . .   Ln  o b e y   t h e  

f o l l o w i n g   m a t h e m a t i c a l   r e l a t i o n s h i p :  

QO  =  2°Q0  =  1  x  Q 0 .  

Ql  =  21Q0  =  2  x  Q 0 .  

Q2  =  22Q0  =  4  x  Q 0 .  

Q3  =  23Q0  =  8  x  Q 0 .  

Qn  =  2nQ0  =  2n  x  Q 0 .  

R a t e   of   f l o w   in  any  one  of  t h e   f l u i d   c o n d u c t i n g  

l i n e s   L0,  L l ,   L2,  L3,  . . .   Ln,  when  t h e   a s s o c i a t e d   s o l e n o i d  



v a l v e   i s   o p e n ,   i s   d e p e n d e n t   on  t h e   d i m e n s i o n s   of  t h e  

o r i f i c e s   of  m e t e r i n g   o r i f i c e s   M0,  Ml,  M2,  M3,  . . .   Mn.  

H e n c e ,   t h e   a c c u r a c y   of  c o n t r o l   of  gas   f l o w   is   in  t u r n  

d e p e n d e n t   on  t he   a c c u r a c y   of  t h e s e   d i m e n s i o n s .   T h e  

o r i f i c e s   o p e r a t e ,   as  n o t e d   a b o v e ,   in  a  c h o k e d   f l o w  

c o n d i t i o n   so  t h a t   t h e   r a t e   of  f l o w   of  f l u i d   t h r o u g h   e a c h  

o r i f i c e   i s   c o n s t a n t   a t   c o n s t a n t   i n l e t   p r e s s u r e .   T h e  

n u m b e r   of   i n c r e m e n t s   of  gas   f l o w  p r o v i d e d   by  "n"  n u m b e r   o f  

f l u i d   c o n d u c t i n g   l i n e s   in   t h e   b i n a r y   w e i g h t e d   s y s t e m   i s  

2 n  -   1.  The  f o l l o w i n g   l i s t i n g   shows   t h e   n u m b e r   of  s u c h  

i n c r e m e n t s   f o r   v a r i o u s   n u m b e r s   of  l i n e s .  

The  a b o v e   r e l a t i o n s h i p   i l l u s t r a t e s   how  v e r y   h i g h  

" r e s o l u t i o n "   can   be  o b t a i n e d   w i t h   a  r e a s o n a b l e   n u m b e r   o f  

v a l v e s .  

The  r e s o l u t i o n   of  s u c h   a  s y s t e m   i s   a  p e r c e n t a g e  

w h i c h   one  of  t h e   i n c r e m e n t a l   s t e p s ,   w h i c h   i s   e q u a l   t o   Q 0 ,  

i s   of   t h e   maximum  g a s   f l o w   00  +  01  +  Q2  +  Q3  +  . . .   Q n .  

T h u s ,   f o r   a  s y s t e m   w i t h   n  l i n e s   t h e   r e s o l u t i o n   R  i s   g i v e n  

by  t h e   e q u a t i o n  

For   v a l u e s   of  n  of  5,  6,  7  and  8  t h e   r e s o l u t i o n s  

a r e   3 . 2 3 % ,   1 . 5 9 % ,   0 .79%  and  0 . 3 9 % .   The  a b o v e   v a l u e s   of  n  

a r e   e x p e c t e d   to   c o v e r   t h e   m a j o r i t y   of  p r a c t i c a l  

a p p l i c a t i o n s .   S u p p o s e ,   f o r   e x a m p l e ,   t h a t   a  s y s t e m  

r e q u i r e s   a  maximum  f l o w   r a t e   of  3 1 . 0   s t a n d a r d   c u b i c   f e e t  

p e r m i n u t e   ( s c f m )   a t   a  r e s o l u t i o n   of  4 . 0 % .   The  n u m b e r   o f  



i n c r e m e n t s   a v a i l a b l e   w i t h   5  b i t s   i s   31  so  t h e   l e a s t  

s i g n i f i c a n t   b i t   Q0  i s   c h o s e n   as  1  s c f m .  

B i n a r y   w e i g h t i n g   d e t e r m i n e s   t h e   v a l u e s   of  Q 1 ,  

Q2,  Q3,  and  Q 4 .  

A c c o r d i n g l y ,   t o   p r o v i d e   t h e   r e q u i r e d   r e s o l u t i o n  

f i v e   l i n e s   a r e   n e e d e d   f o r   v a l u e s   of  Q0,  Q1,  Q2,  Q3,  and   Q4 

of  1,  2,  4,  8  and  16  s c f m   r e s p e c t i v e l y .   A l l   c o m b i n a t i o n s  

of  t h e   f l o w   r a t e s   f o r   t h e   s y s t e m   a r e   shown  in  T a b l e   1 .  

( E l e c t r o n i c   d i g i t a l   i n p u t   1  c a u s e s   t h e   s o l e n o i d   i n v o l v e d  

t o   be  e n e r g i z e d   and  to   o p e n   t h e   v a l v e ,   and  an  e l e c t r o n i c  

d i g i t a l   i n p u t   0  c a u s e s   t h e   s o l e n o i d   to   be  d e e n e r g i z e d   a n d  

to   c l o s e   t h e   v a l v e . )  

Thus   f a r ,   t h e   f l o w   r a t e s   of  t h e   r e s p e c t i v e   l i n e s  

h a v e   b e e n   d e s c r i b e d   as  b e i n g   p r o p o r t i o n a l   to   s u c c e s s i v e  

p o w e r s   of   2.  I t   i s   t h e o r e t i c a l l y   p o s s i b l e   to   u se   a  b a s e  

o t h e r   t h a n   2,  a s ,   f o r   e x a m p l e ,   a  b a s e   of  1 . 9 .   In  t h i s  

c a s e   t h e   i n c r e m e n t a l   v a l u e   of  e a c h   s t e p   i s   v a r i a b l e   a n d  

t h e   f u n c t i o n   i s   n o n - l i n e a r   as  a  few  s i m p l e   c a l c u l a t i o n s  

w i l l   show.   I f   a  n o n - l i n e a r   s y s t e m   m a t c h i n g   t h a t   p r o d u c e d  

by  t h e   f r a c t i o n a l   b a s e   w e r e   d e s i r e d ,   t h e   s y s t e m   w o u l d  

p r o b a b l y   w o r k .   H o w e v e r ,   in   m o s t   c a s e s ,   f r a c t i o n a l   b a s e s  

g i v e   c o m p l e x   r e s u l t s ,   a l m o s t   u s e l e s s   f o r   p r a c t i c a l  

p u r p o s e s ,   and  h e n c e   t h e   u s e   of  t h e   b a s e  2   i s   g r e a t l y   to   b e  

p r e f e r r e d .  





An  e m b o d i m e n t   of  t h e   i n v e n t i o n   w i l l   be  d e s c r i b e d  

in  f u r t h e r   d e t a i l   w i t h   r e f e r e n c e   t o   F i g s .   3 - 6 .   As  s h o w n ,  

t h e   s e v e r a l   s o l e n o i d   c o n t r o l   v a l v e s   V0,  Vl ,   . . .   Vn  a r e  

c o n n e c t e d   t o   and  a l o n g   an  e l o n g a t e d   m a n i f o l d   10,  t h e  

l a t t e r   h a v i n g   r e c e s s e s   12  t h e r e i n   to   r e c e i v e   t h e   s o l e n o i d s  

of  t h e   s e v e r a l   c o n t r o l   v a l v e s .   The  m a n i f o l d   10  i s   a l s o  

d r i l l e d   in   t h e   l e n g t h w i s e   d i r e c t i o n   to   p r o v i d e   a  p a i r   o f  

s p a c e d   e l o n g a t e d   p o r t s ,   i . e .   i n l e t   p o r t   Pl  and  o u t p u t   p o r t  

P2,   b o t h   of  w h i c h   a r e   common  t o   t h e   s e v e r a l   s o l e n o i d  

c o n t r o l   v a l v e s   V .  

The  r e c e s s e s   12  n o t e d   a b o v e   a r e   e a c h   m a c h i n e d   t o  

p r o v i d e   an  a n n u l a r   v a l v e   s e a t   14.   V a l v e   s e a t   14  i n c l u d e s  

a  f l o w   p a s s a g e   16  c o m m u n i c a t i n g   w i t h   o u t l e t   p o r t   P2  v i a  

m e t e r i n g   o r i f i c e   M,  d i m e n s i o n e d   in   t h e   m a n n e r   d e s c r i b e d  

a b o v e .   E a c h   r e c e s s   12  a l s o   p r o v i d e s   an  a n n u l a r   r e g i o n   1 8  

s u r r o u n d i n g   v a l v e   s e a t   14,  w h i c h   r e g i o n   c o m m u n i c a t e s   w i t h  

i n l e t   p o r t   Pl  v i a   a  s h o r t   d r i l l e d   p a s s a g e   15 .   P a s s a g e s   1 5  

and  16  i n   t h i s   e m b o d i m e n t   t o g e t h e r   w i t h   r e g i o n   18  p r o v i d e  

t h e   f l o w   l i n e s   L0,  L l ,   . . .   Ln  d e s c r i b e d   p r e v i o u s l y ,   e a c h  

s u c h   f l o w   l i n e   L  h a v i n g   a  r e s p e c t i v e   m e t e r i n g   o r i f i c e   M 

t h e r e i n .  

E a c h   s o l e n o i d   c o n t r o l   v a l v e   V0,  Vl ,   . . .   Vn  

i n c l u d e s   a  s o l e n o i d   c o i l   20  and  an  a s s o c i a t e d   p l u n g e r   2 2 .  

The  end  of  t h e   p l u n g e r   22  i s   p r o v i d e d   w i t h   a  v a l v e   d i s c   2 4  

w h i c h   m a t e s   w i t h   v a l v e   s e a t   14  to   p r o v i d e   a  good   s e a l   w h e n  

t h e   p l u n g e r   22  moves   to   t h e   v a l v e   c l o s e d   p o s i t i o n .   In  t h e  

v a l v e   o p e n   p o s i t i o n ,   i n l e t   p o r t   Pl   c o m m u n i c a t e s   w i t h  

o u t p u t   p o r t   P2  v i a   f l o w   l i n e   L  i n c l u d i n g   a n n u l a r   r e g i o n  

18,   f l o w   p a s s a g e   15  a n d  1 6   and  m e t e r i n g   o r i f i c e   M. 

The  v a l v e - m a n i f o l d   a r r a n g e m e n t   d e s c r i b e d   a b o v e   i s  

v e r y   c o m p a c t   and  w e l l   s u i t e d   f o r   many  a p p l i c a t i o n s ,  

e s p e c i a l l y   in   c a s e s   w h e r e   t h e   s y s t e m   i s   a p p l i e d   t o  

i n t e r n a l   c o m b u s t i o n   e n g i n e s .   The  m a n n e r   of  o p e r a t i o n   o f  

t h i s   a r r a n g e m e n t   w i l l   r e a d i l y   be  a p p a r e n t   h a v i n g   r e g a r d   t o  

t h e   f o r e g o i n g   d e s c r i p t i o n .  



V a r i o u s   t y p e s   of   q u i c k - a c t i n g   s o l e n o i d   v a l v e s   a r e  

c o m m e r c i a l l y   a v a i l a b l e   s u c h   as  H o n e y w e l l / S k i n n e r   V5  s e r i e s  

v a l v e s   (12  v o l t ) .   T h e s e   v a l v e s   a r e   p r o v i d e d   w i t h   a  f l o w  

m e t e r i n g   o p t i o n   (RM),  w h i c h   o p t i o n   i s   n o t   s i g n i f i c a n t   i n  

t h e   p r e s e n t   c a s e   as  e a c h   o r i f i c e   i s   i n d i v i d u a l l y   s i z e d   a n d  

d r i l l e d   t o   p r o v i d e   t h e   f l o w   r a t e   c a p a c i t i e s   r e f e r r e d   t o  

a b o v e .  

An  i m p o r t a n t   c o n s i d e r a t i o n   i s   t h e   o p e r a t i n g   l i f e  

of  t h e   s o l e n o i d   c o n t r o l   v a l v e s .   C o m m e r c i a l l y   a v a i l a b l e  

v a l v e s   a r e   s p e c i f i c a l l y   as  b e i n g   c a p a b l e   of  2 0 , 0 0 0 , 0 0 0  

o p e r a t i o n s   a t   10  c y c l e s   p e r   s e c o n d   w h i c h   w o u l d   l e a d   to   a  

min imum  l i f e   e x p e c t a n c y   of  555  h o u r s .   At  60  m i l e s   p e r  
h o u r   t h i s   w o u l d   p r o v i d e   a  min imum  of   3 3 , 3 0 0   m i l e s   b e f o r e  

e x p e c t e d   v a l v e   f a i l u r e .   S t a t i s t i c a l l y ,   v a l v e   l i f e   w o u l d  

be  much  b e t t e r   t h a n   t h e   c a l c u l a t e d   m i n i m u m ,   some  of  t h e  

r e a s o n s   f o r   t h i s   b e i n g :  

1.  V a l v e s   c h a n g e   s t a t e   u n d e r   c h a n g i n g   e n g i n e  

d e m a n d .  

2.  The  v a l v e   VO  in  t h e   l i n e   of   l o w e s t   f u e l  

c a r r y i n g   c a p a c i t y   i s   t h e   o n l y   v a l v e   in   t h e  

s e r i e s   to   r e s p o n d   t o   s m a l l   c h a n g e s .  

3.  The  v a l v e   VO  c o u l d   be  e l e c t r o n i c a l l y   d e l e t e d  

u n d e r   a n y t h i n g   b u t   i d l e   c o n d i t i o n s .  

4.  More  e x o t i c   t e c h n o l o g y   s u c h   as  p i e z o e l e c t r i c  

o r   m a g n e t o s t r i c t i v e   v a l v e s   can   b e  

i n c o r p o r a t e d   to   i m p r o v e   v a l v e   s p e e d   a n d / o r  

l i f e   e x p e c t a n c y .  

A  b r i e f   r e f e r e n c e   was  made  e a r l i e r   t o   t h e  

e l e c t r o n i c   p r o c e s s o r   2 . .   For   t h e   c o n v e n i e n c e   of  t h o s e  

s k i l l e d   in   t h i s   a r t   t h e   f o l l o w i n g   e x a m p l e   d e s c r i b e s   one  o f  

many  c i r c u i t s   t h a t   w i l l   p r o v i d e   t h e   b i n a r y   s i g n a l s  

r e q u i r e d   t o   e n a b l e   EDGAR  to   c o n t r o l  t h e   f l o w   of   f u e l   to   a n  

a u t o m o b i l e   e n g i n e .   A n a l o g   m a n i p u l a t i o n   of  two  i n p u t  

s i g n a l s   ( a i r   f l o w   and  RPM)  is   u s e d   in   t h i s   p a r t i c u l a r  

e x a m p l e   t o   d e t e r m i n e   t h e   q u a n t i t y   of   f u e l   d e l i v e r e d   b y  

EDGAR. 



I t   m u s t   be  e m p h a s i z e d   t h a t   t h e   i n p u t   s i g n a l s   a r e  

by  no  means   l i m i t e d   by  two ,   nor   i s   t h e   p r o c e s s i n g  

c i r c u i t r y   l i m i t e d   to   a n a l o g   of  t h e   t y p e   s h o w n .   The  s y s t e m  

shown  is   p r a c t i c a l   and  h a s   b e e n   t e s t e d   on  a  454  c u b i c   i n c h  

d i s p l a c e m e n t   (CID)  e n g i n e .  

The  f o l l o w i n g   d e f i n i t i o n s   a r e   r e l e v a n t   w h e n  

c o n s i d e r i n g   t h e   f u e l   r e q u i r e m e n t s   of   an  i n t e r n a l  

c o m b u s t i o n   e n g i n e :  

(a )   S t o c h i o m e t r i c  -   t h e   " c h e m i c a l l y   c o r r e c t "  

r a t i o   of   a i r   to   f u e l   t h a t   t h e o r e t i c a l l y   w i l l  

e n s u r e   c o m p l e t e   c o m b u s t i o n   of  t h e   s u p p l i e d  

f u e l   w i t h   no  o x y g e n   r e m a i n i n g .  

(b)   L e a n  -   a  m i x t u r e   of  a i r / f u e l   t h a t   c o n t a i n s   a  

s u r p l u s   of  a i r .  

(c)   R i c h  -   a  m i x t u r e   of  a i r / f u e l   t h a t   c o n t a i n s   a  

s u r p l u s   of  f u e l .  

(d)   F l a m i b i l i t y   L i m i t  -   t h e   r a n g e   of  a i r / f u e l  

b e y o n d   w h i c h   c o m b u s t i o n   w i l l   no  l o n g e r   b e  

s u s t a i n e d .  

The  f o l l o w i n g   d e f i n i t i o n s   r e l a t e   t o   t h e   v a r i o u s  

s t a g e s   of  n o r m a l   e n g i n e   o p e r a t i o n :  

(a)   S t a r t  -   r e q u i r e s   an  a i r / f u e l   m i x t u r e   o f  

maximum  f l a m i b i l i t y .  

(b)   I d l e  -   r e q u i r e s   a  " r i c h "   m i x t u r e   as  a  

p o r t i o n   of   t h e   s u p p l i e d   f u e l   c o m b i n e s   w i t h  

e x h a u s t   g a s e s   in   t h e   i n t a k e   m a n i f o l d   b e f o r e  

r e a c h i n g   t h e   c o m b u s t i o n   c h a m g e r .  

(c)   C r u i s e   (Maximum  E c o n o m y )  -   r e q u i r e s   a  " l e a n "  

m i x t u r e   in   o r d e r   to   o p t i m i s e   t h e   u s e   of  a i r  

as  t h e   w o r k i n g   f l u i d   in  t h e   c y l i n d e r .  

(d)  A c c e l e r a t i o n   (maximum  P o w e r )  -   r e q u i r e s   a  

" r i c h "   m i x t u r e .  

(e)   D e c e l e r a t i o n  -   a  v e r y   l e a n   m i x t u r e   may  b e  

e m p l o y e d   b u t   t h e   m i x t u r e   m u s t   r e m a i n   w i t h i n  

t h e   " f l a m i b i l i t y   l i m i t " .   A  m i x t u r e   b e y o n d  

t h e   " f l a m i b i l i t y   l i m i t "   w i l l   f i n d   t h e  



e x h a u s t   s y s t e m   w i t h   u n b u r n e d   f u e l   r e s u l t i n g  
in  an  e x p l o s i o n   when  c o m b u s t i o n   i s  

r e s t o r e d .   An  o p t i o n   w i t h   EDGAR  i s   t o  

e l e c t r o n i c a l l y   command  t h e   f u e l   s u p p l y   t o  

z e r o   d u r i n g   d e c e l e r a t i o n   s a v i n g   f u e l   w i t h o u t  

t h e   p r o b l e m   of  e x h a u s t   e x p l o s i o n .  

W i t h   t h e   a b o v e   d e f i n i t i o n s   in   mind  r e f e r e n c e   w i l l  

now  be  had   to   F i g s .   7  and   8  w h i c h   a r e   c o m p l e t e   s c h e m a t i c s  

of  t h e   e l e c t r o n i c   p r o c e s s o r .   F i g .   7  i s   d i v i d e d   i n t o  

b l o c k s   to   w h i c h   t he   f o l l o w i n g   d e s c r i p t i o n   p e r t a i n s .  

C i r c u i t   b l o c k   C  p r o v i d e s   a  s i g n a l   t h a t   i s   i n  

d i r e c t   p r o p o r t i o n   to   a i r   f l o w   i n t o   t h e   e n g i n e   i n t a k e   t h u s  

e s t a b l i s h i n g   an  a d j u s t a b l e   r e f e r e n c e   t o   w h i c h   o t h e r  

m o d i f i e r s   can   be  a d d e d .   C i r c u i t   b l o c k   A  p r o v i d e s   a  s i g n a l  

t h a t   r e f l e c t s   e n g i n e   l o a d   and  a c t s   as  a  m o d i f i e r   to   t h a t  

p r o d u c e d   by  b l o c k   C.  B l o c k   D  p r o v i d e s   a  m o d i f i e r   when  t h e  

e n g i n e   i s   o p e r a t e d   w i t h i n   a  s e t   r a n g e   of  RPM  i n d i c a t i v e   o f  

i d l e ,   w h i l e   b l o c k   B  sums  t h e   s i g n a l s   f rom  b l o c k s   A,  C  a n d  

D  to  p r o d u c e   a  c o m p o s i t e   s i g n a l   t h a t   i s   a p p l i e d   to   t h e  

a n a l o g   to   d i g i t a l   c o n v e r t e r   d e t a i l e d   in   F i g u r e   8 .  

The  a b o v e   b l o c k   f u n c t i o n s   a r e   r e l a t e d   t o   t h e  

s e v e r a l   s t a g e s   of  e n g i n e   o p e r a t i o n   as  f o l l o w s :  

(a)   S t a r t  -   a i r   f l o w   s i g n a l   i s   p r o c e s s e d   b y  

b l o c k   C  and  s u p p l i e d   to   b l o c k   B;  b l o c k s   A  and  D  a r e  

i n a c t i v e .  

(b)  I d l e  -   b l o c k s   C  and  D  c o n t r i b u t e   to   t h e  

i n p u t   of  b l o c k   B.  B l o c k   A  i s   i n a c t i v e .  

(c)   C r u i s e  -   b l o c k   C  i s   a i d e d   by  a  s m a l l  

c o n t r i b u t i o n   f r o m   b l o c k  A   as  s u p p l i e d   to   b l o c k   B .  

(d)  A c c e l e r a t i o n   ( P o w e r )  -   b l o c k   C  i s   a i d e d   by  a  

l a r g e   c o n t r i b u t i o n   f r o m   b l o c k   A  as  s u p p l i e d   t o   b l o c k   B .  

(e)   D e c e l e r a t i o n  -   b l o c k   C  s u p p l i e s   b l o c k   B .  

B l o c k s   A  and  D  a r e   i n a c t i v e .  

The  a b o v e   f u n c t i o n s   and  t h e   m a n n e r   in  w h i c h   t h e y  

a r e   a c h i e v e d   w i l l   be  a p p a r e n t   f rom  t h e   f o l l o w i n g  

d e s c r i p t i o n   of   t h e   c o n t r o l   i l l u s t r a t e d   in  F i g s .   7  and  8 .  



IC1  and  IC8  a r e   N a t i o n a l   LM2917  f r e q u e n c y   t o  

v o l t a g e   c o n v e r t e r s .   IC1  c o n v e r t s   i g n i t i o n   p u l s e s   t o   a n  

a n o l o g   v o l t a g e   p r o p o r t i o n a l   t o   r e v o l u t i o n   p e r   m i n u t e  

(RPM),  a  t y p i c a l   v a l u e   b e i n g   0  to   +5  v o l t s   o u t p u t   ( p i n  

5,  10)  f o r   an  i n p u t   r a n g e   of   0  to   5000  RPM.  IC2  i n v e r t s  

and  a m p l i f i e s   t h e   o u t p u t   of  IC1  p r o d u c i n g   a  v o l t a g e   of   0  

v o l t s   a t   O  RPM  p r o g r e s s i n g   t o   - 1 0   v o l t s   a t   5000  RPM. 

S i m i l a r l y   IC8  c o n v e r t s   p u l s e s   f r o m   an  a i r   f l o w   m e t e r  

( C h r y s l e r   p a r t   # 4 2 6 7 1 2 8 )   t o   an  0  to   +5  v o l t   a n a l o g   s i g n a l  

p r o p o r t i o n a l   t o   t h e   w i d e   o p e n   t h r o t t l e   (WOT)  a i r   d e m a n d  

o v e r   t h e   RPM  r a n g e .  

IC9  i n v e r t s   and  a m p l i f i e s   t h e   o u t p u t   of  I C 8  

p r o d u c i n g   a t   i t s   o u t p u t   ( p i n   6)  a  v o l t a g e   t h a t   " t r a c k s "  

t h e   o u t p u t   of  IC2  u n d e r   WOT  c o n d i t i o n s .   The  o u t p u t   of   I C 9  

i s   e q u a l   to   t h e   o u t p u t   of  IC2  o n l y   u n d e r   WOT  c o n d i t i o n s .  

For   a  g i v e n   RPM  a  t h r o t t l e   s e t t i n g   l e s s   t h a n   WOT  w i l l  

p r o d u c e   a  p r o p o r t i o n a l l y   s m a l l e r   v o l t a g e   a t   t h e   o u t p u t   o f  

IC9  and  t h e   d i f f e r e n c e   b e t w e e n   t h e   IC2  and  IC9  o u t p u t  

v o l t a g e   a p p e a r s   a t   t h e   o u t p u t   of   IC3  as  of  p o s i t i v e   g o i n g  

c o r r e c t i o n   s i g n a l   t h a t   a c c u r a t e l y   r e f l e c t s   e n g i n e   l o a d .  

IC6  p r o d u c e s   a  n e g a t i v e   g o i n g   c o r r e c t i o n   s i g n a l  

in  t h e   f o l l o w i n g   way.   The  o u t p u t   of   IC9  i s   a p p l i e d   to   a  

v o l t a g e   d i v i d e r   c o m p r i s e d   of  Re  and  Rf.   The  s e t t i n g   of  Re 

d e t e r m i n e s   t h e   p o r t i o n   of   t h e   t o t a l   v o l t a g e   t h a t   i s  

a p p l i e d   to   t h e   i n v e r t i n g   i n p u t   of  IC6 .   The  n o n - i n v e r t i n g  

i n p u t   of  IC6  i s   c o n n e c t e d   v i a   a  v o l t a g e   d i v i d e r   to   t h e  

o u t p u t   of  IC9 .   T h i s   c o n f i g u r a t i o n   of  IC6  e n a b l e s   IC6  t o  

a m p l i f y   o n l y   t h e   v o l t a g e   a p p e a r i n g   b e t w e e n   t h e   o u t p u t   o f  

IC9  and  t h e   w i p e r   of  Re.  IC6  o u t p u t   i s   n e g a t i v e   g o i n g   a n d  

is   summed  a t   t h e   i n p u t   of  IC4  w i t h   t h e   p o s i t i v e   g o i n g  

s i g n a l   f rom  IC3 .   I f   t h e   o u t p u t   of  lC2  e q u a l s   t h e   o u t p u t  

of  IC9  (WOT  c o n d i t i o n   i n d e p e n d e n t   of  RPM)  no  s i g n a l   i s  

s u p p l i e d   by  IC3;   t h e r e f o r e ,   IC4  a m p l i f i e s   o n l y   t h e   s i g n a l  

s u p p l i e d   by  IC6 .   At  t h r o t t l e   s e t t i n g s   p r o g r e s s i v e l y   l e s s  

t h a n   WOT  t h e   o u t p u t   of  IC3  b e c o m e s   p r o g r e s s i v e l y   m o r e  

p o s i t i v e   and  s u b t r a c t s   f r o m   t h e   s i g n a l   s u p p l i e d   by  I C 6 ,  



t h e   o u t p u t   of  IC4  b e i n g   t h e   a l g e b r a i c   sum  of  t h e   o u t p u t s  

of  IC3  and  IC6.   I f   t h e   v o l t a g e   c o n t r i b u t e d   by  IC3  i s  

g r e a t e r   in   m a g n i t u d e   t h a n   t h a t   c o n t r i b u t e d   by  IC6,   t h e  

o u t p u t   of  IC4  w i l l   go  n e g a t i v e   b u t   w i l l   be  p r e v e n t e d   f r o m  

a p p e a r i n g   a t   t h e   o u t p u t   of  IC5  by  t h e   c o n f i g u r a t i o n   o f  

d i o d e s   in   t h e   f e e d b a c k   of  IC5  ( IC5  o u t p u t   " c l a m p e d "   a t   0  

v o l t s ) .   I f   t h e   m a g n i t u d e   of  t h e   v o l t a g e   a t   t h e   o u t p u t   o f  

IC6  i s   g r e a t e r   t h a n   t h e   m a g n i t u d e   a t   t h e   o u t p u t   of  I C 3 ;  

IC5  a c t s   as  an  i n v e r t i n g   a m p l i f i e r   w i t h   a  g a i n   of  o n e .  

R e t u r n i n g   t o   t h e   v o l t a g e   d i v i d e r   Re  and  R f ,  

t h e   p o s i t i o n   o f  t h e   w i p e r   d e t e r m i n e s   t h e   p o r t i o n   of  t h e  

v o l t a g e   p r o d u c e d   by  IC9  t h a t   a p p e a r s   b e t w e e n   t h e   w i p e r   a n d  

g r o u n d   as  d o e s   t h e   same  w i p e r   d e t e r m i n e   t h e   p o r t i o n   of  t h e  

v o l t a g e   p r o d u c e d   by  IC9  t h a t   i s   a p p l i e d   to   IC6.   The  s u m  

of  t h e   v o l t a g e   a p p l i e d   to   IC6  and  IC7  m u s t   e q u a l   t h e  

o u t p u t   of  I C 9 .  

IC7  i s   s i m p l y   a  summing   a m p l i f i e r  

a l g e b r a i c a l l y   a d d i n g   t h e   o u t p u t s   of   IC5,   Re  and  Rg.  Re 

p r o v i d e s   a  v o l t a g e   t h a t   i s   d i r e c t l y   p r o p o r t i o n a l   t o   a i r  

f l o w   and  i s   t h e   s i g n a l   t h a t   m e t e r s   f u e l   u n d e r   " m a x i m u m  

e c o n o m y "   c o n d i t i o n s .   IC5  p r o v i d e s   a  m o d i f y i n g   s i g n a l   t h a t  

a d d s   to   t h e   s i g n a l   p r o v i d e d   by  Re  to   i n c r e a s e   t h e   a m o u n t  

of  f u e l   d e l i v e r e d   when  t h e   e n g i n e   i s   e x p e c t e d   to   p r o d u c e  

maximum  p o w e r .  

Rg  s i m p l y   p r o v i d e s   a  v o l t a g e   t h a t   i s   u s e d   t o  

add  t h e   r e q u i r e d   a m o u n t   of  f u e l   t o   c o m p e n s a t e   f o r   e n g i n e  

v a r i a b l e s   u n d e r   i d l e   c o n d i t i o n s .   In  c o n j u n c t i o n   w i t h   t h e  

i d l e   c o m p e n s a t i o n ,   IC10A  and  IC10B  fo rm  a  " w i n d o w "  

c o m p a r a t o r   by  w h i c h   t h e   RPM  r a n g e   of  t h e   i d l e   c o m p e n s a t i o n  

c i r c u i t   may  be  s e t .  

The  o u t p u t   of  IC7  d r i v e s   an  a n a l o g   t o  

D i g i t a l   C o n v e r t e r   (ADC)  ( e . g .   a  T e l e d y n e   8 7 0 0 C J )   w h i c h  

c o n v e r t s   t h e   p o s i t i v e   g o i n g   a n a l o g   s i g n a l   i n t o   a  d i g i t a l  

b i n a r y   f o r m a t .   Two  s t a g e s   of  t r a n s i s t o r   a m p l i f i c a t i o n   f o r  

e a c h   b i t   of  t h e   ADC  a r e   p r o v i d e d   by  t r a n s i s t o r s   Oas  Qb 
in  o r d e r   to   a c h i e v e   s u f f i c i e n t   c u r r e n t   g a i n   to   d r i v e   t h e  



v a l v e s   of   V0,  V l ,   V 2 - - - V n   of   EDGAR  t h e   s o l e n o i d   c o i l s   K 

o n l y   of  w h i c h   a r e   r e p r e s e n t e d   in   F i g .   8 .  

The  v a l u e s   of  t h e   v a r i o u s   c i r c u i t   r e s i s t o r s  

and  c a p a c i t a n c e s   a r e   shown  in   F i g s   7  and  8.  The  f o l l o w i n g  

t a b l e   g i v e s   p a r t i c u l a r s   of   t h e   o t h e r   c i r c u i t   c o m p o n e n t s  

i l l u s t r a t e d :  

A l t h o u g h   t h e   a p p l i c a n t ' s   f l u i d   c o n t r o l  

s y s t e m   h a s   b e e n   d e s c r i b e d   in   t h e   p r e c e d i n g   e x e m p l a r y  

e m b o d i m e n t   in  c o n j u n c t i o n   w i t h   f u e l   c o n t r o l   f o r   a n  

i n t e r n a l   c o m b u s t i o n   e n g i n e   i t   i s   no t   so  l i m i t e d .   I t   c a n ,  

in   f a c t ,   be  a d v a n t a g e o s l y   u t i l i z e d   in   many  a p p l i c a t i o n s  

w h e r e   a  p r e c i s e   m e t e r i n g   of  gas   f l o w   i s   r e q u i r e d .   U n d e r  

e l e c t r o n i c   c o n t r o l   t h e   r e s o l u t i o n ,   a c c u r a c y   and  s p e e d   o f  

r e s p o n s e   can   be  t a i l o r e d   to   s u i t   t h e   p a r t i c u l a r  

r e q u i r e m e n t s .   M e d i c a l ,   a e r o s p a c e ,   p r o c e s s   c o n t r o l   a n d  

w e l d i n g   a r e   e x a m p l e s   of  t h e   many  a r e a s   w h e r e   a c c u r a t e   g a s  

m e t e r i n g   i s   v i t a l .  

Some  of  t h e   a d v a n t a g e s   of  t h e   a p p l i c a n t ' s   s y s t e m  

a r e   as  f o l l o w s :  

1.  Gas  i s   d e l i v e r e d   to   t h e   e n g i n e   u n d e r  

p o s i t i v e   p r e s s u r e   i n d e p e n d e n t   of  e n g i n e   v a c u u m   v a r i a t i o n s .  

2.  A l l   c o m p u t a t i o n   and  a d j u s t m e n t   of  gas   f l o w  

i s   done   by  e l e c t r o n i c   c i r c u i t r y   w i t h   g r e a t e r   c a p a b i l i t y  

f o r   r e f i n e m e n t   of  c o n t r o l .  

3.  Mass  p r o d u c e d   EDGAR  s y s t e m s   w i l l   be  s m a l l ,  

p r e c i s e ,   r e l i a b l e ,   and  i n e x p e n s i v e .  



4.  EDGAR  p e r f o r m a n c e   w h i c h   f o l l o w s   a  p r e c i s e  

s e q u e n c e   of  s u c c e s s i v e   p o w e r s   of  two  can   be  e v a l u a t e d   w i t h  

an  i n e x p e n s i v e   f l o w   m e t e r .  

5.  The  EDGAR  s y s t e m   d o e s   n o t   i n t e r f e r e   w i t h  

e n g i n e   p e r f o r m a n c e   on  g a s o l i n e   s i n c e   t h e   gas   m i x e r   i s  

s m a l l   and  o f f e r s   no  o b s t r u c t i o n   t o   a i r   f l o w .  



1.  A p p a r a t u s   f o r   c o n t r o l l i n g   t h e   r a t e   of  f l o w  

of  a  c o m p r e s s i b l e   f l u i d   f rom  a  common  i n l e t   t o   a  c o m m o n  

o u t l e t   c h a r a c t e r i z e d   b y :  

(a )   means   d e f i n i n g   a  p l u r a l i t y   of  f l u i d  

c o n d u c t i n g   l i n e s   (LO,  L l ,   L2  . . .   L n ) ;  

(b)   means   to   c o n n e c t   s a i d   p l u r a i l i t y   of   l i n e s   i n  

p a r a l l e l   b e t w e e n   t h e   s a i d   common  i n l e t   ( P l )   and   s a i d  

common  o u t l e t   (P2)   s u c h   t h a t   t h e   t o t a l   f l u i d   f l o w   f r o m  

s a i d   common  i n l e t   to   s a i d   common  o u t l e t   i s   e q u a l   to   t h e  

sum  of  t h e   s e p a r a t e   f l o w s   (QO,  Ql,   . . .   Qn)  t h r o u g h   t h e  

i n d i v i d u a l   l i n e s ;  

(c)   s a i d   p l u r a l i t y   of   l i n e s   (LO,  L l ,   L2  . . .   L n )  

b e i n g   a d a p t e d   to   p r o v i d e   f l o w   r a t e s   t h e r e t h r o u g h   s o  

r e l a t e d   t o   one  a n o t h e r   as  to   be  p r o p o r t i o n a l   t o   r e s p e c t i v e  

o n e s   of  a  p l u r a l i t y   of  p r e s e l e c t e d   n u m e r i c a l   v a l u e   when  a  

d i f f e r e n t i a l   p r e s s u r e   i s   m a i n t a i n e d   b e t w e e n   s a i d   c o m m o n  

i n l e t   ( P l )   and  s a i d   common  o u t l e t   (P2)   s u f f i c i e n t   t o  

p r o v i d e   c h o k e d   f l o w   c o n d i t i o n s   in  s a i d   l i n e s ;  

(d)   a  c o n t r o l   v a l v e   (VO,  Vl ,   V2  . . .   Vn)  l o c a t e d  

in  e a c h   of   s a i d   l i n e s   w i t h   e a c h   s a i d   v a l v e   b e i n g   o p e r a b l e  

t o   f u l l y   o p e n   and  f u l l y   c l o s e d   p o s i t i o n s ;  

(e )   a  c o n t r o l   means   (2)  a d a p t e d   to   c o n t r o l  

s e l e c t i v e l y   t h e   o p e n i n g   and  c l o s i n g   of  s a i d   v a l v e s   (VO, 

V l ,   V2  . . .   V n ) ,   so  t h a t   when  f l u i d   i s   s u p p l i e d   t o   s a i d  

common  i n l e t   ( P l )   a t   a  s e l e c t e d   p r e s s u r e   s u c h   t h a t   t h e  

p r e s s u r e   d i f f e r e n t i a l   b e t w e e n   t h e   common  i n l e t   and  t h e  

common  o u t l e t   i s   s u f f i c i e n t   to   c r e a t e   c h o k e d   f l o w  

c o n d i t i o n s   in   s a i d   l i n e s ,   t h e   t o t a l   f l u i d   f l o w   p a s s i n g  

o u t w a r d l y   of   s a i d   common  o u t l e t   (P2)   i s   c o n t r o l l e d   i n  

d i s c r e t e   s t e p s   in   a c c o r d a n c e   w i t h   t he   o p e n i n g   and  c l o s i n g  

of   s a i d   c o n t r o l   v a l v e s   (VO,  Vl ,   V2  . . .   Vn)  t o   p r o v i d e   a  

p l u r a l i t y   of  p r e d e t e r m i n e d   t o t a l   f l u i d   f l o w   r a t e s   a t   s a i d  

common  o u t l e t .  

2.  A p p a r a t u s   a c c o r d i n g   to   c l a i m   1  f u r t h e r  

c h a r a c t e r i z e d   in   t h a t   s a i d   p r e s e l e c t e d   n u m e r i c a l   v a l u e s  

a r e   p o w e r s   of  a  s e l e c t e d   n u m b e r .  



3.  A p p a r a t u s   a c c o r d i n g   to   c l a i m   2  f u r t h e r  

c h a r a c t e r i z e d   in  t h a t   s a i d   p o w e r s   of  a  s e l e c t e d   n u m b e r   a r e  

s u c c e s s i v e   p o w e r s   of   two  w h e r e b y   s a i d   p l u r a l i t y   o f  

p r e d e t e r m i n e d   t o t a l   f l o w   r a t e s   a r e   p r o p o r t i o n a l   t o   a  

s e r i e s   of  b i n a r y   n u m b e r s .  

4.  A p p a r a t u s   as  c l a i m e d   in  c l a i m   1,  2,  or  3 

f u r t h e r   c h a r a c t e r i z e d   by  an  o r i f i c e   (MO,  Ml,  M2  . . .   Mn)  i n  

e a c h   of  s a i d   f l u i d - c o n d u c t i n g   l i n e s ,   w h i c h ,   when  s a i d  

f l u i d   i s   s u p p l i e d   v i a   s a i d   common  i n l e t   ( P l )   to   s a i d  

f l u i d - c o n d u c t i n g   l i n e s   a t   s a i d   s e l e c t e d   p r e s s u r e ,   e a c h  

s a i d   o r i f i c e   o p e r a t e s   in  c h o k e d   f l o w   c o n d i t i o n   when  f l u i d  

i s   f l o w i n g   in  t h e   a s s o c i a t e d   l i n e ,   to   p r o v i d e   in  s u c h  

f l u i d - c o n d u c t i n g   l i n e s   a  p r e d e t e r m i n e d   c o n s t a n t   f l o w   r a t e  

(QO,  Ql ,   Q2  . . .   Qn)  a t   s a i d   s e l e c t e d   p r e s s u r e   a t   t h e  

common  i n l e t   ( P I ) .  

5.  An  a p p a r a t u s   as  c l a i m e d   in   c l a i m   4  f u r t h e r  

c h a r a c t e r i z e d   in   t h a t   s a i d   f l o w   r a t e s   a r e   w e i g h t e d   so  t h a t  

t h e   i n d i v i d u a l   f l o w   r a t e s   of  t h e   d i f f e r e n t   l i n e s   (LO,  L l ,  

L2  . . .   Ln)  a r e   p r o p o r t i o n a l   to   s u c c e s s i v e   p o w e r s   of  t w o ,  

s a i d   c o n t r o l   v a l v e s   (VO,  Vl ,   V2  . . .   Vn)  b e i n g   e l e c t r i c a l l y  

o p e r a t e d   s o l e n o i d   v a l v e s ,   and  s a i d   c o n t r o l   m e a n s  

c o m p r i s i n g   an  e l e c t r o n i c   p r o c e s s o r   (2)  h a v i n g   a  p l u r a l i t y  

of   o u t p u t s   e a c h   c o n n e c t e d   to   r e s p e c t i v e   i n p u t s   (DO,  Dl,   D2 

. . .   Dn)  of  s a i d   s o l e n o i d   v a l v e s ,   w h i c h   p r o c e s s o r   (2)  e m i t s  

d i g i t a l   s i g n a l s   c o r r e s p o n d i n g   t o   b i n a r y   n u m b e r s   f o r  

c o n t r o l l i n g   s a i d   s o l e n o i d   v a l v e s   to   p r o v i d e   t o t a l   f l u i d  

f l o w   r a t e s   a t   s a i d   common  o u t l e t   d i r e c t l y   p r o p o r t i o n a l   t o  

t h e   v a l u e s   of  s a i d   b i n a r y   n u m b e r s .  

6.  An  a p p a r a t u s   as  c l a i m e d   in   c l a i m   5  f u r t h e r  

c h a r a c t e r i z e d   in   t h a t   e a c h   s a i d   o r i f i c e   (MO,  Ml  . . .   Mn)  i s  

s i z e d   so  t h a t   s a i d   f l o w   r a t e   t h e r e t h r o u g h   i s   p r o p o r t i o n a l  

to   t h e   w e i g h t   of  a  b i n a r y   d i g i t   r e p r e s e n t e d   by  a  d i g i t a l  

s i g n a l   by  w h i c h   i t s   a s s o c i a t e d   c o n t r o l   v a l v e   i s   a c t i v a t e d .  

7.  An  a p p a r a t u s   as  c l a i m e d   in   any  one  of  c l a i m s  

1  t h r o u g h   6  w h e r e i n   s a i d   f l u i d   i s   f u e l   f o r   an  i n t e r n a l  

c o m b u s t i o n   e n g i n e   (7)  and  f u r t h e r   c h a r a c t e r i z e d   in  t h a t  



s a i d   common  o u t l e t   (P2)   c o m m u n i c a t e s   w i t h   an  a i r / f u e l  

m i x e r   (6)  of   s a i d   e n g i n e .  

8.  An  a p p a r a t u s   as  c l a i m e d   in   any  one  of   c l a i m s  

1-6   w h e r e i n   s a i d   f l u i d   i s   f u e l   f o r   an  i n t e r n a l   c o m b u s t i o n  

e n g i n e   (7)  and  f u r t h e r   c h a r a c t e r i z e d   in   t h a t   s a i d   c o n t r o l  

means   (2)  i s   a d a p t e d   t o   r e s p o n d   to   s i g n a l s   p r o d u c e d   b y  

s e n s o r s   ( 3 a ,   3b,  . . .   3n)  r e p r e s e n t a t i v e   of  o p e r a t i n g  

p a r a m e t e r s   of  s a i d   i n t e r n a l   c o m b u s t i o n   e n g i n e   ( 7 ) .  

9.  An  e l e c t r o n i c a l l y   c o n t r o l l e d   s y s t e m   t o  

s u p p l y   c o m p r e s s i b l e   f u e l   t o   an  i n t e r n a l   c o m b u s t i o n   e n g i n e  

c h a r a c t e r i z e d   b y :  

a  p l u r a l i t y   of  f u e l - c o n d u c t i n g   l i n e s   (LO,  Ll  . . .  
Ln)  c o n n e c t e d   in  p a r a l l e l   b e t w e e n   a  common  i n p u t   ( P l )   a n d  

a  common  o u t p u t   (P2)   s u c h   t h a t   t h e   t o t a l   f u e l   f l o w   f r o m  

s a i d   common  i n p u t   to   s a i d   o u t p u t   i s   e q u a l   t o   t h e   sum  o f  

t h e   s e p a r a t e   f l o w s   t h r o u g h   t h e   i n d i v i d u a l   f u e l   c o n d u c t i n g  

l i n e s ,   t h e   l a t t e r   a d a p t e d   to   p r o v i d e   f u e l   f l o w   r a t e s   (QO, 

Ql ,   . . .   Qn)  t h e r e t h r o u g h   so  r e l a t e d   to   one  a n o t h e r   as  t o  

be  p r o p o r t i o n a l   to   s u c c e s s i v e   p o w e r s   of   two  u n d e r  

c o n d i t i o n s   of  c h o k e d   f l o w   in  s a i d   l i n e s ;  

a  s o l e n o i d   c o n t r o l   v a l v e   (VO,  V l  . . .   Vn)  l o c a t e d  

in  e a c h   of  s a i d   f u e l - c o n d u c t i n g   l i n e s ,   e a c h   s a i d   s o l e n o i d  

c o n t r o l   v a l v e   b e i n g   o p e r a b l e   to   f u l l y   o p e n   and  f u l l y  

c l o s e d   p o s i t i o n s ;  

an  e l e c t r o n i c   p r o c e s s o r   (2)  a d a p t e d   f o r   p r o v i d i n g  

b i n a r y   s i g n a l s   v i a   a  p l u r a l i t y   of  o u t p u t s   e a c h   c o n n e c t e d  

to   r e s p e c t i v e   i n p u t s   (DO,  Dl ,   . . .   Dn)  of   s a i d   s o l e n o i d  

c o n t r o l   v a l v e s   to   c o n t r o l   s e l e c t i v e l y   t h e   o p e n i n g   a n d  

c l o s i n g   of  e a c h   of  s a i d   v a l v e s   by  m e a n s   of   t h e   d i g i t a l  

s i g n a l s   a p p l i e d   to   t h e   s o l e n o i d s   t h e r e o f ;  

s e n s o r   means   ( 3a ,   3b  . . .   3n)  t o   g e n e r a t e  
e l e c t r i c a l   s i g n a l s   i n d i c a t i v e   of   o p e r a t i n g   p a r a m e t e r s   o f  

s a i d   i n t e r n a l   c o m b u s t i o n   e n g i n e   and  to   a p p l y   s a i d  

e l e c t r i c a l   s i g n a l s   t o   s a i d   e l e c t r o n i c   p r o c e s s o r   ( 2 ) ;  

an  a i r / f u e l   m i x e r   (6)  h a v i n g   an  i n p u t   to   w h i c h  

t h e   common  o u t p u t   (P2)   of  s a i d   p l u r a l i t y   o f  



f u e l - c o n d u c t i n g   l i n e s   i s   c o n n e c t e d   and  an  a i r / f u e l   m i x e r  

o u t p u t   w h i c h   i s   a d a p t e d   to   be  c o n n e c t e d   to   s a i d   i n t e r n a l  

c o m b u s t i o n   e n g i n e ;   a n d  

means   (4,  5)  to   s u p p l y   f u e l   to   s a i d   common  i n p u t  

( P l )   of  s a i d   p l u r a l i t y   of  f u e l - c o n d u c t i n g   l i n e s   a t   a  

p r e s s u r e   s e l e c t e d   to   p r o v i d e   a  p r e s s u r e   d i f f e r e n c e   b e t w e e n  

s a i d   common  i n p u t   and  common  o u t p u t   s u f f i c i e n t l y   h i g h   t h a t  

f u e l   f l o w   in  e a c h   of  s a i d   l i n e s   i s   i n d e p e n d e n t   of  t h e   b a c k  

p r e s s u r e   a t   t h e   i n p u t   t o   s a i d   a i r / f u e l   m i x e r   (6)  t h u s  

p r o v i d i n g   t h e   c h o k e d   f l o w   in   s a i d   l i n e s ,   w i t h   s a i d  

e l e c t r o n i c   p r o c e s s o r   (2)   a d a p t e d   to   a u t o m a t i c a l l y   a d j u s t  

t h e   c o m b i n e d   f u e l   f l o w   f rom  s a i d   p l u r a l i t y   o f  

f u e l - c o n d u c t i n g   l i n e s   in   a  s e r i e s   of   d i s c r e t e   s t e p s   b y  

s e l e c t i v e l y   o p e n i n g   and  c l o s i n g   s a i d   v a l v e s  

(VO,  Vl ,   . . .   Vn)  to   p r o v i d e   t o t a l   f l o w s   a t   s a i d   common 

o u t p u t   (P2)   w h i c h   a r e   d i r e c t l y   p r o p o r t i o n a l   to   t h e   v a l u e s  

of   s a i d   b i n a r y   s i g n a l s   in   r e s p o n s e   to   t h e   f u e l  

r e q u i r e m e n t s   of  s a i d   i n t e r n a l   c o m b u s t i o n   e n g i n e   a s  

i n d i c a t e d   by  t h e   e l e c t r i c a l   s i g n a l s   g e n e r a t e d   by  s a i d  

s e n s o r s   ( 3 a ,   3b,  . . .   3 n ) .  

10.   An  e l e c t r o n i c a l l y   c o n t r o l l e d   f u e l   s y s t e m   a s  

c l a i m e d   in   c l a i m   9  f u r t h e r   c h a r a c t e r i z e d   by  an  o r i f i c e  

(MO,  M l  . . .   Mn)  in  e a c h   of  s a i d   f u e l - c o n d u c t i n g   l i n e s   ( L 0 ,  

Ll  . . .   Ln)  w h i c h   o r i f i c e   o p e r a t e s   in   c h o k e d   f l o w   c o n d i t i o n  

when  f u e l   i s   f l o w i n g   in   t h e   a s s o c i a t e d   l i n e ,   and  w h e r e i n  

e a c h   s a i d   o r i f i c e   i s   s i z e d   in   p r o p o r t i o n   to   t h e   b i n a r y  

d i g i t   c o r r e s p o n d i n g   t o   t h e   d i g i t a l   s i g n a l   by  w h i c h   t h e  

a s s o c i a t e d   c o n t r o l   v a l v e   (VO,  Vl  . . .   Vn)  i s   a c t i v a t e d .  

11.   An  e l e c t r o n i c a l l y   c o n t r o l l e d   f u e l   s y s t e m   a s  

c l a i m e d   in   c l a i m   10  c h a r a c t e r i z e d   in   t h a t   t h e   r a t e   of  f l o w  

of  f u e l   in  e a c h   of  s a i d   f u e l - c o n d u c t i n g   l i n e s   (LO,  Ll  . . .  
Ln)  i s   d e t e r m i n e d   by  t h e   d i m e n s i o n s   of  t h e   o r i f i c e  

t h e r e i n ,   s a i d   o r i f i c e s   (MO,  Ml  . . .   Mn)  b e i n g   d e s i g n e d   s o  

as  to   p r o v i d e   in  e a c h   of   s a i d   f u e l - c o n d u c t i n g   l i n e s   a  

p r e d e t e r m i n e d   c o n s t a n t   f l o w   r a t e   a t   a  c o n s t a n t   f u e l   s u p p l y  

p r e s s u r e   a d e q u a t e   to   m a i n t a i n   c h o k e d   f l o w   c o n d i t i o n s   i n  



s a i d   o r i f i c e s ,   s a i d   f l o w   r a t e   b e i n g   w e i g h t e d   so  t h a t   t h e  

i n d i v i d u a l   f l o w   r a t e s   of  t h e   d i f f e r e n t   f u e l - c o n d u c t i n g  

l i n e s   a r e   p r o p o r t i o n a l   to   t h e   t e r m s   of  t h e   s e r i e s   2 0 ,  

21,  22  . . .   2n,  w h e r e   n  +  1  i s   t h e   n u m b e r   o f  

f u e l - c o n d u c t i n g   l i n e s .  

12.   An  e l e c t r o n i c a l l y   c o n t r o l l e d   f u e l   s y s t e m   a s  

c l a i m e d   in  c l a i m   9,  10,   or   11  in   c o m b i n a t i o n   w i t h   s a i d  

i n t e r n a l   c o m b u s t i o n   e n g i n e   w h e r e i n   s a i d   m e a n s   to   s u p p l y  

f u e l   t o   s a i d   p l u r a l i t y   of  f u e l - c o n d u c t i n g   l i n e s   c o m p r i s e s  

a  h i g h - p r e s s u r e   f u e l   s t o r a g e   t a n k   ( 4 ) ,   and  a  p r e s s u r e  

r e g u l a t i n g   means   (5)  c o n n e c t e d   b e t w e e n   s a i d   f u e l   s t o r a g e  

t a n k   and  s a i d   common  i n p u t   Pl  to   s a i d   p l u r a l i t y   o f  

f u e l - c o n d u c t i n g   l i n e s .  

13.   An  e l e c t r o n i c a l l y   c o n t r o l l e d   f u e l   s y s t e m   a s  

c l a i m e d   in  any  one  of   c l a i m s   9 - 1 2   f u r t h e r   c h a r a c t e r i z e d   i n  

t h a t   t h e   f u e l   f l o w   r a t e   QO  of  one   of  s a i d   f u e l - c o n d u c t i n g  

l i n e s   LO  i s   a  p r e d e t e r m i n e d   v a l u e   e q u a l   t o   one  of  s a i d  

d i s c r e t e   s t e p s ,   s a i d   p r e d e t e r m i n e d   v a l u e   b e i n g   a  f u n c t i o n  

of   t h e   f u e l   c o n s u m p t i o n   of  s a i d   i n t e r n a l   c o m b u s t i o n  

e n g i n e ,   and  w h e r e i n   t h e   f u e l   f l o w   r a t e s   (Ql ,   Q2  . . .   Qn)  o f  

t h e   o t h e r   f u e l - c o n d u c t i n g   l i n e s   ( L l ,   L2  . . .   Ln)  u n d e r  

c h o k e d   f l o w   c o n d i t i o n s   fo rm  a  s e r i e s   c o m p r i s i n g   s u c c e s s i v e  

m u l t i p l e s   of  two  t i m e s   t h e   f l o w   r a t e   of   t h e   p r e c e d i n g   o n e  

of  s a i d   f u e l - c o n d u c t i n g   l i n e s   in   t h e   s e r i e s .  

14.   An  e l e c t r o n i c a l l y   c o n t r o l l e d   s y s t e m   f o r  

r e g u l a t i n g   t h e   r a t e   of   f l o w   of  a  c o m p r e s s i b l e   f l u i d   f rom  a  

common  s o u r c e   to   a  common  u s e r   c h a r a c t e r i z e d   b y :  

a  p l u r a l i t y   of   f l u i d   c o n d u c t i n g   l i n e s  

(LO,  L l ,   . . .   Ln)  a r r a n g e d   in   p a r a l l e l   and  c o n n e c t e d  

b e t w e e n   s a i d   common  s o u r c e   ( P I )   and  s a i d   common  u s e r   ( P 2 )  

s u c h   t h a t   t h e   t o t a l   f l u i d   f l o w   f r o m   s a i d   common  s o u r c e   t o  

s a i d   common  u s e r   is   e q u a l   to   t h e   sum  t o t a l   of  t h e   s e p a r a t e  

f l o w s   (QO,  Ql ,   . . .   Qn)  t h r o u g h  t h e   i n d i v i d u a l  

f l u i d - c o n d u c t i n g   l i n e s ,   s a i d   l i n e s   b e i n g   a d a p t e d   t o  

p r o v i d e   f l o w   r a t e s   t h e r e t h r o u g h   so  r e l a t e d   t o   one  a n o t h e r  

as  to   be  p r o p o r t i o n a l   to   r e s p e c t i v e   m e m b e r s   of   a  g r o u p   o f  



s e l e c t e d   i n c r e a s i n g   v a l u e s   when  a  d i f f e r e n t i a l   p r e s s u r e  

b e t w e e n   s a i d   common  s o u r c e   ( P l )   and  s a i d   common  u s e r   ( P 2 )  

i s   m a i n t a i n e d   a t   or  a b o v e   a  c r i t i c a l   l e v e l   s u f f i c i e n t   t o  

p r o v i d e   c h o k e d   f l o w   c o n d i t i o n s   in   s a i d   l i n e s ;  

a  s o l e n o i d   c o n t r o l   v a l v e   (VO,  Vl ,   . . .   Vn)  l o c a t e d  

in  e a c h   of  s a i d   f l u i d - c o n d u c t i n g   l i n e s ,   e a c h   s a i d   s o l e n o i d  

c o n t r o l   v a l v e   b e i n g   o p e r a b l e   t o   f u l l y   o p e n   and  f u l l y  

c l o s e d   p o s i t i o n s ;  

s e n s o r   means   ( 3 a ,   3b  . . .   3n)  to   g e n e r a t e  

e l e c t r i c a l   s i g n a l s   i n d i c a t i v e   of   o p e r a t i n g   p a r a m e t e r s   o f  

s a i d   common  u s e r ;  

an  e l e c t r o n i c   p r o c e s s o r   (2)   h a v i n g   i n p u t   m e a n s  

c o n n e c t e d   t o   s a i d   s e n s o r   m e a n s   ( 3 a ,   3b  . . .   3n)  and  a  

p l u r a l i t y   of   o u t p u t s   e a c h   c o n n e c t e d   to   an  a s s o c i a t e d   i n p u t  

(DO,  Dl  . . .   Dn)  of  s a i d   s o l e n o i d   c o n t r o l   v a l v e s ,   s a i d  

e l e c t r o n i c   p r o c e s s o r   (2)  b e i n g   a d a p t e d   to   r e s p o n d   to   t h e  

s i g n a l s   f e d   to   i t s   i n p u t   m e a n s   by  e m i t t i n g   o u t p u t   s i g n a l s  

v i a   s a i d   o u t p u t   means   to   o p e n   and   c l o s e   t h e   i n d i v i d u a l  

s a i d   s o l e n o i d   v a l v e s   (V0,  V l  . . .   Vn)  so  as  to   v a r y   t h e   sum 

t o t a l   of   t h e   f l u i d   f l o w   t h r o u g h   s a i d   f l u i d - c o n d u c t i n g  

l i n e s   to   s a i d   common  u s e r   (P2)   in   a  s e r i e s   of  d i s c r e t e  

s t e p s   in  a c c o r d a n c e   w i t h   t h e   o p e r a t i n g   p a r a m e t e r s   of   s a i d  

common  u s e r .  

15.   The  e l e c t r o n i c a l l y   c o n t r o l l e d   s y s t e m   o f  

c l a i m   14  f u r t h e r   c h a r a c t e r i z e d   in   t h a t   s a i d   s e l e c t e d  

i n c r e a s i n g   v a l u e s   a r e   i n c r e a s i n g   p o w e r s   of  a  s e l e c t e d  

n u m b e r .  

16 .   The  e l e c t r o n i c a l l y   c o n t r o l l e d   s y s t e m  

a c c o r d i n g   t o   c l a i m   15  f u r t h e r   c h a r a c t e r i z e d   in   t h a t   s a i d  

p o w e r s   of   a  s e l e c t e d   n u m b e r   c o m p r i s e   s u c c e s s i v e   p o w e r s   o f  

two  w i t h   t h e   sum  t o t a l s   of  s a i d   f l u i d   f l o w s   b e i n g  

p r o p o r t i o n a l   to   a  s e r i e s   of  b i n a r y   n u m b e r s ,   and  an  o r i f i c e  

(M0,  M l  . . .   Mn)  in  e a c h   of  s a i d   f l u i d - c o n d u c t i n g   l i n e s ,  

w h i c h   o r i f i c e   o p e r a t e s   in  c h o k e d   f l o w   c o n d i t i o n   when  f l u i d  

i s   f l o w i n g   in   t h e   a s s o c i a t e d   l i n e   u n d e r   t h e   i n f l u e n c e   o f  

t h e   p r e s s u r e   d i f f e r e n t i a l   t h e r e a c r o s s   a t   or  a b o v e   t h e  



c r i t i c a l   l e v e l   and  s a i d   e l e c t r o n i c   p r o c e s s o r   (2)  e m i t t i n g  

d i g i t a l   s i g n a l s   c o r r e s p o n d i n g   to   b i n a r y   n u m b e r s   t o  

s e l e c t i v e l y   o p e n   and  c l o s e   s a i d   v a l v e s   (VO,  Vl  . . .   V n ) ,  

e a c h   s a i d   o r i f i c e   b e i n g   s i z e d   in  p r o p o r t i o n   to   t h e   w e i g h t  

of  t h e   b i n a r y   d i g i t   c o r r e s p o n d i n g   t o   t h e   d i g i t a l   s i g n a l   b y  

w h i c h   t h e   c o n t r o l   v a l v e   in   t h e   a s s o c i a t e d   f l u i d   l i n e   i s  

a c t i v a t e d .  

17 .   An  e l e c t r o n i c a l l y   c o n t r o l l e d   s y s t e m   i s  

c l a i m e d   in   c l a i m   14,   15  or   16  w h e r e i n   s a i d   f l u i d   i s   a  

c o m b u s t i b l e   g a s ,   f u r t h e r   c h a r a c t e r i z e d   by  m e a n s   to   s u p p l y  

f l u i d   to   s a i d   p l u r a l i t y   of   f l u i d - c o n d u c t i n g   l i n e s ,  

c o m p r i s i n g   a  h i g h - p r e s s u r e   gas   s t o r a g e   t a n k   ( 4 ) ,   a  

p r e s s u r e   r e g u l a t i n g   means   (5)  c o n n e c t e d   b e t w e e n   s a i d   g a s  

s t o r a g e   t a n k   and  s a i d   p l u r a l i t y   of  f l u i d - c o n d u c t i n g   l i n e s ,  

and  s a i d   common  u s e r   c o m p r i s i n g   an  i n t e r n a l   c o m b u s t i o n  

e n g i n e   ( 7 ) ,   s a i d   s e n s o r s   ( 3 a ,   3b  . . .   3n)  b e i n g   a d a p t e d   t o  

g e n e r a t e   s i g n a l s   r e p r e s e n t i n g   t h e   f u e l   r e q u i r e m e n t s   of  t h e  

e n g i n e   u n d e r   v a r i o u s   o p e r a t i n g   c o n d i t i o n s ,   and  an  a i r / f u e l  

m i x e r   (6)   h a v i n g   an  i n p u t   c o n n e c t e d   t o   r e c e i v e   t h e  

c o m b i n e d   o u t p u t   of   s a i d   p l u r a l i t y   of  f l u i d   c o n d u c t i n g  

l i n e s   and  an  o u t p u t   c o n n e c t e d   to   t h e   i n t a k e   of   s a i d  

i n t e r n a l   c o m b u s t i o n   e n g i n e   ( 7 ) .  

18 .   A  m e t h o d   of   c o n t r o l l i n g   t h e   r a t e   of   f l ow  o f  

a  c o m p r e s s i b l e   f l u i d   b e t w e e n   a  common  s o u r c e   and   a  common 

u s e r ,   t h e   f l o w   r e q u i r e m e n t s   of  t h e   u s e r   b e i n g   s u b j e c t   t o  

f l u c t u a t i o n   in   a c c o r d a n c e   w i t h   s e l e c t e d   o p e r a t i n g  
c o n d i t i o n s   t h e r e o f ,   s a i d   m e t h o d   c h a r a c t e r i z e d   b y :  

(a)   p r o v i d i n g   a  p l u r a l i t y   of  f l u i d   c o n d u c t i n g  

l i n e s   (LO,  Ll   . . .   Ln)  in   p a r a l l e l   b e t w e e n   t h e   c o m m o n  

s o u r c e   ( P l )   and   t h e   common  u s e r   (P2)   s u c h   t h a t ,   i n  

o p e r a t i o n ,   t h e   t o t a l   f l u i d   f l o w   f r o m   s a i d   common  s o u r c e   t o  

s a i d   common  u s e r   i s   e q u a l   t o   t h e   sum  t o t a l   of  t h e   s e p a r a t e  

f l o w s   (QO,  Ql  . . .   Qn)  t h r o u g h   t h e   i n d i v i d u a l   f l u i d -  

c o n d u c t i n g   l i n e s ,   t h e   r e l a t i v e   f l o w   r a t e s   t h r o u g h   s a i d  

l i n e s   b e i n g   p r o p o r t i o n a l   t o   s u c c e s s i v e   p o w e r s   of   a  n u m b e r  

when  a  p r e s s u r e   d i f f e r e n c e   i s   m a i n t a i n e d   b e t w e e n   s a i d  



common  s o u r c e   ( P l )   and  s a i d   common  u s e r   (P2)   a t   or  a b o v e   a  

c r i t i c a l   l e v e l   s u f f i c i e n t   to   p r o v i d e   c h o k e d   f l o w  

c o n d i t i o n s   in  s a i d   l i n e s ;   e a c h   s a i d   l i n e   h a v i n g   a  

r e s p e c t i v e   c o n t r o l   v a l v e   t h e r e i n   o p e r a b l e   to   f u l l y   o p e n  
and  f u l l y   c l o s e d   p o s i t i o n s ;  

(b)  m a i n t a i n i n g   s a i d   p r e s s u r e   d i f f e r e n c e   a t   o r  

a b o v e   t h e   c r i t i c a l   l e v e l ;  

(c)   g e n e r a t i n g   e l e c t r i c a l   s i g n a l s   in  r e s p o n s e   t o  

t h e   s e l e c t e d   o p e r a t i n g   c o n d i t i o n s   of   t h e   common  u s e r ;  

(d)  f e e d i n g   s a i d   s i g n a l s   i n t o   a  p r o g r a m m e d  

c o n t r o l   means   w i t h   t h e   l a t t e r   r e s p o n d i n g   t h e r e t o   b y  

e m i t t i n g   v a l v e   c o n t r o l   s i g n a l s   r e l a t e d   to   t h e   f l o w  

r e q u i r e m e n t s   of  t h e   common  u s e r ;  

(e)   s u p p l y i n g   s a i d   c o n t r o l   v a l v e s   w i t h   s a i d  

s i g n a l s   to   o p e n   and  c l o s e   t h e   same  so  t h a t   t h e   t o t a l   f l u i d  

f l o w   f rom  t h e   common  s o u r c e   to   t h e   common  u s e r   i s  

c o n t r o l l e d   in   d i s c r e t e   s t e p s .  

19.  The  m e t h o d   of  c l a i m   18  f u r t h e r   c h a r a c t e r i z e d  

in   t h a t   s a i d   n u m b e r   i s   t w o .  

20.  The  m e t h o d   of  c l a i m   18  or  19  f u r t h e r  

c h a r a c t e r i z e d   in  t h a t   s a i d   f l u i d   i s   a  c o m b u s t i b l e   g a s .  
21.  The  m e t h o d   of  c l a i m   18,  19  or  20  w h e r e i n  

s a i d   v a l v e   c o n t r o l   s i g n a l s   a r e   b i n a r y   d i g i t a l   s i g n a l s .  
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